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CHAPTER 1 
INTRODUCTION 


Section I. GENERAL 


1-1. Scope. This manual introduces the CHAPARRAL 
Weapon System to personnel requiring a general 
knowledge of the system. The information in this 
manual includes a general description of the CHAP¬ 
ARRAL system equipment, capabilities, limitations, 
and logistics and maintenance concepts. 

1-2. Forms, Records, and Reports. 

a. Authorized Forms. Forms generally applicable 
to the CHAPARRAL system are listed in TM 38-750. 
For a listing of all forms, refer to DA Pam 310-2. 


b. Field Report of Accidents. Army safety pro¬ 
gram reports are listed in AR 385-40. These reports are 
required whenever an accident involving injury to 
personnel or damage to materiel occurs. 


c. Reporting Equipment Improvement Recommenda¬ 
tions (EIR). Any design deficiency detected within the 
CHAPARRAL system shall be reported using SF 368, 
Quality Deficiency Report. Mail directly to: Commander, 
UJS. Army Missile Command, ATTN: DRSMI-SNEM, | 
Redstone Arsenal, Alabama 35898. A reply will be fur¬ 
nished directly to you. 

1-3. Modification Work Orders. Table 1-1 lists all Block 
III and IV Modification Work Orders (MWOs) affecting the 
launching station. The coverage in this manual assumes the 
application of these MWOs. 

NOTE 

MWOs are listed in this manual for information only. 

This manual is not an authority for requisitioning 
kits. The published MWO, or change thereto, is the 
only authority for requisitioning MWO kits. 


Suction II. DESCRIPTION AND DATA 


1-4. General. 

a. The CHAPARRAL Weapon System provides 
an effective air defense capability for Army forward 
area tactical units. Employing visual techniques for 
target acquisition and tracking, CHAPARRAL is a fair 
weather daylight system. CHAPARRAL is a self-con¬ 
tained area defense system capable of engaging and 
destroying enemy aircraft flying at low to medium 
altitudes and executing evasive maneuvers. An IFF 
subsystem is used to interrogate aircraft to determine 
their friend/unknown status. 


b. The CHAPARRAL Weapon System was designed 
to launch a family of lightweight, supersonic, infrared 
homing missiles which employ proportional navigation. The 
CHAPARRAL missiles (MIM-72A, MIM-72B, MIM-72C, 
and MIM-72E) are modified versions of the Sidewinder 
1-C missile. 


c. The other major components of the CHAPAR¬ 
RAL Weapon System are the M54A1 Launching Sta¬ 
tion, the M730 Tracked Vehicle, ground emplacement 
hardware, and field support equipment. The launching 
station may be operated independently and contains all 
the necessary equipment for target tracking and missile 
launching. Additional missiles are stowed in the 
launching station. The complete system is the M48A1 
Guided Missile System, Intercept-Aerial (GMSIA). 

1-5. Data. 

a. Characteristics. Characteristic data for the tracked 
vehicle, launching station, and missile are provided in 
tables 1-2,1-3, and 1-4. 

b. Physical Properties. The significant properties of 
the CHAPARRAL launching station are weight, center of 
gravity, and moment of inertia. The system weight is divid¬ 
ed into four sections in table 1-5. Refer to figure 1-1 for 
center of gravity location. 
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Table 1-1. Modification Work Orders 


Block 

MWONo. 

Description 

Effect., ity 

hi 

9-1440-585-50/13 

Improves air compressor performance by pro¬ 
viding an improved filtering capability for 
intake air and is required to prevent serious 
damage to the equipment. 

Serial numbers 03 r -Ou 
thru 03447 

hi 

9-1440-585-50/14 

Replaces the existing attitude support stop 
with an improved and stronger unit. 

Serial numbers 03212 
thru 03447 

hi 

9-1440-585-50/15 

Incorporates a battery charge indicator in the 
CHAPARRAL Fire unit and is required to 
improve combat effectiveness of the equipment. 

Serial numbers 03000 
thru 03447 

hi 

9-1440-585-50/16 

Alleviates high temperatures in the electrical 
equipment compartment which has caused 
loss of communications of the RT/524 

Transceiver. 

Serial numbers 03000 
thru 03447 

hi 

9-1440-585-50/17 

Replaces the Reverse Current Cutout and the 
Control Box with improved units containing 
internal captive hardware and is required to 
prevent serious damage to the equipment. 

Serial numbers 03000 
thru 03447 

hi 

9-1440-585-50/18 

Adds two diodes to the circuitry of the Master 
Distribution Box 10234257 which will provide 
for more efficient and reliable operation of 
the K1 relay and significantly improves combat 
or operating effectiveness of the equipment or 
makes a significant reduction in its logistic 
support requirements. 

Serial numbers 03000 
thru 03447 

hi 

9-4935-587-50/2 

Adds 1.0 microfarads 100 VDC capacitor in 
series with the squib line thus decreasing 
circuit impedance so that the 400 cycle 
signal is not filtered, and giving the proper 
indications for accepting and rejecting the 

GCG’s and fuses. 

All AN/DSM-79 Test 

Sets 

hi 

9-4935-587-50/3 

Provides improved contact guides and contact 
pins within the W4 Cable Assembly to assure 
positive testing of the firing pin extension and 
significantly improves combat or operating 
effectiveness of the equipment. 

Serial numbers 03000 
thru 03127 

hi 

9-4935-587-50/4 

Adds a load to the inverter output of CIP 

No. 2 to enable the test set to test the 
inverter in the left hand control panel. 

All AN/TSM-101 Test 

Sets 

IV 

9-1440-585-50/19 

Replaces the existing wiring harness and add 
an elapsed time indicator on the engine 
generator set assembly. 

Serial numbers 03000 
thru 03499 

IV 

9-1440-585-50/20 

Replaces two rectifier type diodes CR4 and CR5 
with zener diodes and to change the electrical 
wiring to the K4 relay in the Master Distribution 
Box 10234445. 

Serial number 03000 
thru 03499 

( 
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Tabic 1-1. Modification Work Ordart - Continued 


Mock 

MWONo . 

Dctcrlption 

Effcctivtty 

IV 

9*1440-585-50/21 

Modifies the holdflre Indicator circuit cards 
in the mount drive control box assembly to 
achieve fire unit operational compatibility 
with the MIM-72C and MIM-72E missiles. 

Serial numbers 03000 
thru 03499 

IV 

9-1440-585-50/22 

Provides a minimum amount of maintenance 
for the crew to check and service the oil 
in the present DC air compressor. 

Serial numbers 03000 
thru 03499 

IV 

9-1440-585-50/23 

Adds an IFF system capability to the present 
CHAPARRAL Air Defense Guided Missile 

System. 

Serial numbers 03000 
thru 03499 

IV 

9-1440-585-50/24 

Replaces the present firing pin assembly 
with an improved design assembly. 

Serial numbers 03000 
thru 03499 

IV 

9-1440-585-50/25 

Provides emergency automatic system 
power-down, using the fire extinguisher 
handle, when the communication switch is 
on and the thermostatis switch (S10) is 
closed (90 ±50°F). 

Serial numbers 03000 
thru 03499 

IV 

9-4935-587-50/5 

Modifies the AN/TSM-85 test set to provide 
the capability of fault isolation of the IFF 
subsystem to the Held replaceable assembly. 

Serial numbers 03000 
thru 03127 

IV 

9-4935-587-50/6 

Provides a holding fixture in the shop equipment 
shelter to mount the computer for keying 
and programming the interrogator. 

Serial numbers 03000 
thru 03056 
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Table 1-2. M730 Tracked Vehicle Date 


Item 

Data 

Crew 

5 - 1 driver, 4 in cab 

Length: 

Maximum, overall 

238.5 in. (606 cm) 

Width: 

Maximum, overall 

Minimum (less track 
shrouds and covers) 

105.75 in. (268.6 cm) 
100 in. (254 cm) 

Height: 

Maximum (with cab) 
Minimum (less cab) 

105.5 in. (268 cm) 

76 in. (193 cm) 

Net weight * 

14,691 lb (6611 kg) 

Air transportable weight^ 

13,886 lb (6249 kg) 

Ground pressure: 

Combat loaded 

Net weight 

7.5 psi (0.53 kg/cm 2 ) 
(51.71 kPa) 

4.4 psi (0.31 kg/cm 2 ) 
(30.34 kPa) 

Center of gravity net weight: 
Above ground 

From centerline of drive 
sprocket 

31.5 in. (80.0 cm) 

62.5 in. (158.7 cm) 

Weight classification numbers: 
Empty 

Cross country 

7 

14 

Vertical obstacle ability 

24 in. (61 cm) 

Minimum turning radius 
(differential steering) 

24 ft (7.2 m) 

Minimum turning radius 
(pivot steering) 

14 ft (4.24 m) 

Maximum trench 

66 in. (168 cm) 

Maximum speed 

38 mph (61 km/hr) 

Fording depth 

40 in. (101.6 cm) 

Engine 

Manufacturer 

Model 

Series 

Type 

Idle speed 

Horsepower 

No-load governor speed 
Crankshaft rotation 
(viewed at pulley front) 

Detroit Diesel Engine 
Division - GMC 
5063-5299 

6V53 

two-cycle diesel- 
compression-ignition 
550-600 rpm 

202 at 2,800 rpm 
2,925-2,975 rpm 
clockwise 


Item 

Data 

Cylinder number 


Left bank front to rear 

1L, 2L.3L 

Right bank front to rear 

1R.2R.3R 

Firing order 

1L.3R.3L.2R, 2L, 1R 

Fuel types 

Grade DF-2 (VV-F-800) 
do not use below +32°F 
(0°C) 

Grade DF-1 (W-F-800) 
do not use below -10°F 
(-23°C) 

Grade DF-A (V V-F-800) 
use for all temperatures 

CITE MIL-F-46005 
use for all temperatures 

JP-5 (aircraft turbine 
engine) emergency con¬ 
ditions above -40°F 
(-4°C) 

Transmission 


Manufacturer 

Allison Division - GMC 

Model 

TX 100-1 

Speeds 

3 forward, 1 reverse 

Ranges 

4 forward, 1 reverse 

Transfer Gearcase 


Manufacturer 

FMC 

Gear ratio 

1.286:1 

Power takeoffs 

4 

Steering control differential 


Manufacturer 

FMC 

Model 

DS200 

Suspension points 

3 

Final drives 


Manufacturer 

FMC 

Number of gears 

2 

Gearratio 

4.31:1 

Winch 


Manufacturer 

Gar Wood 

Wire rope size 

5/8 in. (1.6 cm) 

Wire rope length 

200 ft max (60 m) 

Line pull 

20,000 lb max 
(9000 kg max) 

Line speed <3 20,000 lb load 

IS ft/min (4.5 m/mJn) 

Weight: 

Complete 

444 lb (200 kg) 

Less wire rope 

313 lb (141 kg) 

Gear ratio 

29:1 

Winch transfer gearcase 


Manufacturer 

FMC 

Weight 

21 1/2 lb (10 kg) 

Gearratio 

2.05:1 
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Tsble 1-2. M730 Tracked Vehicle Date - Continued 


Item 

Data 

Capabilities (approx) 

Refill 

Dry 

Engine cooling 

9.5 gal 

9.5 gal 

system 

(36 liters) 

(36 liters) 

Differential and 

20 qt 

24 qt 

transfer gearcase 
oil system 

(19 liters) 

(23 liters) 

Fuel compartment 

170 gal 

105 gal 


(643 liters) 

(397 liters) 

Maximum safe fuel 


50gpm 

acceptance rate 


(190 liters) 

Engine oil system 

18 qt 

22 qt 


(I7liters) 

(21 liters) 

Transmission oil 

16 qt 

20 qt 

system 

(15 liters) 

(19 liters) 

Final drive (ea) 

1 1/2 qt 

1 1/2 qt 


(1.4 liters) 

(1.4 liters) 

Pivot steering 

1/2 Pt 

1/2 Pt 

cylinders 

(0.24 liters) 

(0.24 liters) 


*Net Weight: Carrier fully equipped and serviced for 
operation with driver but without payload or crew, 
guided missiles, and launching station. 

2 Air Transportable Weight: Carrier fully serviced, less: 
driver, 80% fuel, crew, guided missiles, and launching 
station. 


Table 1-3. MS4A1 Launch Station Data 


Item 

Data 

Limits of mount operation 


Azimuth 

360° continuous rotation 

Elevation 

-9° to 90° 

Power available 

24 to 28 Vdc at 190 to 
230 amperes 

Erect/Retract time 

Less than 30 seconds 

MPU fuel cel] capacity 

24 gallons (91 liters) each 
cell 

Communication equipment 
Receiver-transmitter, 
RT-524/VRC 


Frequency ranges 

30.00 to 52.95 mHz 
(band A) 

53.00 to 75.95 mHz 
(band B) 

Number of channels 

920 

Channel spacing 

50 kHz 

Types of modulation 

Frequency 

Types of transmission 

Voice 

and reception 


Transmitter power 

20 watts minimum high 

output 

power, 1 to 3 watts low 
power 


Table T3. M54A1 Launch Station Data - Continued 


Item 

Distance range 


Input power 
requirement 


Auxiliary receiver, 
R-442/VRC 
Frequency ranges 


Number of channels 
Channel spacing 
Type of modulation 
Type of signal received 

Remote control unit, 
C-2328/GRA-39 
Maximum control 
distance 

Operating voltage 
Power supply 
Battery life expectancy 

Local control unit, 
C-2329/GRA-39 
Operating voltage 
Power supply 
Battery life expectancy 

Telephone set TA-l/PT 
Voice and signal 
transmission range 

Signaling voltage 

IFF equipment 
AN/PPX-3A 
interrogator 
Power supply 
Interrogations before 
battery recharge 


Data 


Approximately 20 miles 
(32 km) stationary; 15 
miles (24 km) moving 
10 amperes at 22.5 Vdc 
high power 

3 amperes at 25.5 Vdc 
low power 


30.00 to 52.95 mHz 
(band A) 

53.00 to 75.95 mHz 
(band B) 

920 
50 kHz 
Frequency 
Voice 


1/4 mile (0.4 km) (using 
field wire WD-l/TT) 

9.0 to 6.6 Vdc 
Six BA-30 batteries 
24 hours 


9.0 to 6.6 Vdc 
Six BA-30 batteries 
24 hours 


Approximately 1 2 miles 
(19 km) (using field wire 
WD-l/TT) 

65 to 80 Vac, 20 11/ 


15 Vdc internal hall cry 
200 interrogations per 
day for 4 days 


Table 1-4. Missile and Missile Components Data 


Item 

Data 

Dimensions 

Weight 
lb /kg) 

Missile 

114.50 in. x 5.00 in. (dia) 

190.00 

MIM-72A 

(Tactical) 

(291 cm x 1 2.7 cm) 

(86.2) 

Missile 

114.50 in. x 5.00 in. (dia) 

190.00 

MIM-72B 

(Training 

Tactical) 

(291 cm x 12.7 cm) 

(86.2) 
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Tab/* 1-4. Mlttlla and Mlasila Components Data — 
Continued 


Item 

Data 

Dimensions 

Weight 
lb (kg) 

Missile MIM-72C 
(Tactical) 1 

114.50 in. x 5.00 in. (dia) 
(291 cm x 12.7 cm) 

190.00 

(86.2) 

Missile MIM-72E 
(Tactical) 

114.50 in. x 5.00 in. (dia) 
(291 cm x 12.7 cm) 

190.00 

(86.2) 

Missile M30 
Training < 

114.50 in. x 5.00 in. (dia) 
(291 cm x 12.7 cm) 

190.00 

(86.2) 

Missile M33 
Training 

114.50 in. x 5.00 in. (dia) 
(291 cm x 12.7 cm) 

190.00 

(86.2) 

Guidance 

Section MK 28 

24.3 in. x 5.00 in. (dia) 

(61.7 cm x 12.7 cm) 

31.00 

(14) 

AN/DAW-1B 

114.50 in. x 5.00 in. (dia) 
(291 cm x 12.7 cm) 

28.00 

(12.7) 

Target Detecting 
Device MK 15 
(With Thermal 
Battery) MK 70 

6.5 in. x 5.00 in. (dia) 

(16.5 cm x 12.7 cm) 

10.00 

(4.5) 

Target Detecting 
Device MK 24 
(With Thermal 
Battery) MK 70 

6.5 in. x 5.00 in. (dia) 

(16.5 cm x 12.7 cm) 

10.00 

(4.5) 

M817 

114.50 in. x 5.00 in. (dia) 
(291 cm x 12.7 cm) 

9.2 

(4.2) 

Safety and 

Arming 

Device M K 13 

7.1 in. x 2.2 in. (dia) 

(18 cm x 5.6 cm) 

2.00 

(0.9) 

M145 

114.50 in. x 5.00 in. (dia) 
(291 cm x 12.7 cm) 


Warhead MK 48 

12.16 in. x 5 in. (dia) 

(30.9 cm x 12.7 cm) 

25.00 

(11.2) 

M250 

13.6 in. x 5 in. (dia) 

(134.5 cm x 12.7 cm) 

28.00 

(12.7) 

Rocket Motor 

MK 50 

72.4 in. x 5 in. (dia) 

(183.9 cm x 12.7 cm) 

97.00 

(43.6) 

Rocket Motor 

Ml 21 

72.4 in. x 5 in. (dia) 

(183.9 cm x 12.7 cm) 

97.00 

(43.6). 

Wing Assembly 
MK 4 

9.9 in. x 24 in. x 2 in. 

(2.51 cm x 61 cm x 5.6 cm) 

6.0 

(2.7) 

Wing Assembly 
MK 5 

9.9 in. x 24 in. x 1 in. 

(25.1 cm x 61 cm x 2.5 cm) 

4.5 

(2.0) 

Fin Assembly 
MIM-72A/B/C/E 

5.7 in. x 12.4 in. 

(14.5 cm x 31.5 cm) 

1.0 

(0.45) 


(1) Section i of table 1*5 is the launching station 
empty weight. This section is divided into five 
functions. Function 01 is the elevation system, 
which consists of items supported by the outer 
race of the elevation bearings, including the 
outer race. Function 02 is the turret system, 
which consists of items supported by the inner 
race of the azimuth bearing, including the 
inner race and excluding the elevation system 
(Function 01). Function 03 is the pedestal, 
which consists of items supported by the jack 
screws which raise and lower the mount ex¬ 
cluding the turret system (Function 02). 
Function 04 is the base structure, which in¬ 
cludes all the supporting structure below the 
mount. Function 05 is the base support sys¬ 
tem, which consists of all the systems located 
in the base structure (Function 04). 

(2) Section 2 is the tracked vehicle. This section is 
divided into two functions. Function 01 is the 
M730 vehicle empty weight which consists of 
the vehicle with all items including the swim 
kit, winterization kit, and the blast shield 
attached to the vehicle. Vehicle fuel is not 
included in this section. Function 02 is used 
for ground emplacement equipment 

(3) Section 3 is the dperation items and crew. 
This section is divided into four functions. 
Function 01 consists of the fuel for the 
launching station and fuel for the deployment 
vehicle. Function 02 consists of all non-fixed 
equipment peculiar to the operation of the 
launching station and deployment vehicle. 
Function 03 is the crew equipment which 
consists of combat equipment and organiza¬ 
tional equipment. Function 04 is the crew 
members. 

(4) Section 4 is the payload. This section includes 
the missiles and is divided into two functions. 
Function 01 consists of the missiles located on 
the turret. Function 04 consists of missiles 
stowed in the stowage compartments. 

(5) The center of gravity reflected in the follow¬ 
ing paragraphs and tables is determined un¬ 
der the following conditions unless otherwise 
noted: 

(a) Section 1 - Launching station empty 
weight. The mount is in the raised position 
and facing forward (with vehicle direction). 

(b) Section 2 - Tracked vehicle. All kits are 
installed. 

(c) Section 3 - Operational items and crew. All 
operational items are installed and the crew 
members are in the cab of the vehicle. 
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Table US. Summary Weight Statut Report 


Section 

Function 

Detcription 

Weight 

Self-propelled pounds 
(kilograms) 

Helicopter tift 1 
ground emplacement 
(kilograms) 



CHAPARRAL Weapon System 

28,220(12,800) 

11,064(5,018) 

1 


Launching station, empty weight 

8,726 (3,958) 

8,726 (3,958) 

i 

01 

Elevation system (forward) 

754(342) 

754 (342) 

1 

02 

Turret system (forward) 

2,669(1,210.6) 

2,669(1,210.6) 

1 

03 

Pedestal (raised position) 

714 (323.^) 

714 (323.9) 

1 

04 

Base structure 

3,030(1,374.4) 

3,030(1,374.4) 

i 

05 

Base support system 

1,559 (707.2) 

1,559 (707.2) 

2 


Deployment vehicle or ground emplacement 

14,241 (6,459.6) 

593 (268.9) 

2 

01 

M730 vehicle empty weight 

14,241 (6,459.6) 

0 

2 

02 

Ground emplacement 

0 

593 (268.9) 

3 


Operational items and crew 

2,990(1,356) 

225 (102.1) 

3 

01 

Fuel 

1,093 (495.8) 

185 (83.9) 

3 

02 

On equipment materiel (OEM) 

505 (229.1) 

40(18.1) 

3 

03 

Crew equipment 

542 (245.8) 

0 

3 

04 

Crew 

850 (385.6) 

0 

4 


Payload (4 missiles mounted, 8 stowed) 

2,263 (1,026.5) 

1,520 (689.5) 

4 

01 

Missiles on turret (4) 

743(337) 

0 

4 

04 

Missiles stowed (8) 

1,520 (689.5) 

1,520 (689.5) 


(d) Section 4 - Payload. Four missiles are lo¬ 
cated on the mount in the raised position. 
Eight missiles are in the stowage compart¬ 
ments. 


c. Mass Properties Summary. 

(1) Elevation Axis. Weight on the elevation axis 
consists of items supported by the outer race 
of the elevation bearing, including the outer 
race and four missiles. 

(a) Weight on the elevation axis is 1,497 
pounds (679 kg). 

(b) Center of gravity location is l.S inches 
(3.81 cm) forward of axis and +0.0 inch 
above axis (fig. 1-1). 


(c) Moment of inertia about the elevation axis 
is 275 slug-feet 2 . 

(2) Azimuth Axis. Weight on the azimuth axis 
consists of items supported by the inner race 
of the azimuth bearing, including the inner 
race, one crew member, and four missiles. 

(a) Weight on the azimuth bearing is 4,347 
pounds (1,971.8 kg). 

(b) Center of gravity location is 1.8 inches 
(4.57 cm) forward of axis and 0.1 inch 
(0.25 cm) to the right of axis (fig. 1-1). 

(c) Moment of inertia about the azimuth axis is 
756 slug-feet 2 . 

(3) Mount. The following data is the weight sup¬ 
ported by the jacksciews. 


Digitized by LjOOQle 


1-7 


TM 9-1425-1685-10-1 



With 4 missiles 
and gunner 

Without missiles 
and gunner 

Weight (pounds) 

5,061.4 
(2,295.8 kg) 

4,138 
(1877 kg) 

(inches) 

155.2 

(394.21 cm) 

156.2 

(396.75 cm) 

Y C g (inches) 

0.0 

0.1 (.25 cm) 

Z cg (inches) 

93.3 

(236.98 cm) 

90.1 

(228.85 cm) 

I ox (slug-feet 2 ) 

759 

531 

I oy (slug-feet 2 ) 

851 

587 

I oZ (slug-feet 2 ) 

815 

470 


(4) Launching station. The following data is a 
summation of weight supported by the pallet 
tie-down fittings, with operatibnal equipment, 
missiles, and gunner in their designated loca¬ 
tions. 


Weight (pounds) 

11,816 (5,359.65 kg) 

Xgg (inches) 

160.3 (407.16 cm) 

Ygg (inches) 

-0.1 (.25 cm) 

Z C g (inches) 

63.8(162.05 cm) 

I 0 x (slug-feet 2 ) 

3,398 

I oy (slug-feet 2 ) 

4,562 

Ioz (slug-feet 2 ) 

3,688 



SIDE VIEW 


FRONT VIEW 


DIRECTION 

SYMBOL 

AXIS 

MOMENT OP INERTIA ABOUT AN AXIS 
THROUGH THE CENTER OF GRAVITY 

LONGITUDINAL 

LATERAL 

VERTICAL 

ROLL 

PITCH 

YAW 

X (INCHES) 

Y (INCHES) 

Z (INCHES) 

l 0 x (SLUG FT 2 ) 

» 0Y (SLUG FT 2 ) 
l oz (SLUG FT 2 ) 


Figure 1-1. Mesa properties coordinate axes end notation system. 
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I CHAPTER 2 

SYSTEM DESCRIPTION AND SYSTEM CAPABILITY 


Section I. MISSILE 


2-1. General. The CHAPARRAL air defense system 
includes the missile and its launching platform as well 
as related operational equipment intended to improve 
its total effectiveness. Each major component of the 
total system is described in sections II through VI. 
Sections VU and VIII describe system capability. 

2-2. CHAPARRAL Missiles. 

a. General. The CHAPARRAL missiles (fig. 2-1) are 
lightweight, supersonic, passive-homing missiles which 
use infrared radiation from the target for tracking. Pro¬ 
portional navigation is applied by the guidance section 
electronics to command aerodynamic control systems. 
Four configurations of the missile are currently in use 
(MIM-72A, B, C, and E). The MIM-72B is the flyable 
training missile of the CHAPARRAL system. Figure 2-1 


shows the differences among models. The MIM-72C and 
MIM-72E have improved counter measure electronics, 
more response guidance section controlling, increased 
sophistication in proximity fuzing, and a more lethal war¬ 
head. The difference between the MIM-72C and the MIM- 
72E is the rocket motor. The MIM-72E has the smokeless 
rocket motor Ml21. The missiles have in-line airframe 
configuration with two pairs of movable control fins 
forward and two pairs of fixed wings aft. Missile major 
components form integral parts of the airframe and are the 
guidance section, fuze, warhead, and rocket motor. Hangers 
on the rocket motor attach the missiles to the launcher 
rails. The missile weighs approximately 85.0 kilograms 
(187.3 lb). Measurements are 291 centimeters (114.5 in.) 
long, 12.7 centimeters (5.0 in.) diameter, with wing span 
of 63.0 centimeters (24.8 in.) and fin span of 41.7 centi¬ 
meters (16.4 in.). 


> 
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k Guidance Concept. 

<l) The concept applied to guide the missile to its 
target is known as proportional navigation. In 
proportional navigation, the rate of change of 
missile heading is commanded, from missile 
electronics calculations, to be directly propor¬ 
tional to the sightline vector (line of sight 
from missile to target) spatial rate (change in 
direction). The ratio of the rate of change in 
missile heading to sightline spatial rate is 
known as the navigation ratio. Depending on 


the value selected for this ratio, the missile 
can be made to fly a pure pursuit course or to 
fly an approximate constant-bearing course. 
In the pure pursuit course, the missile's direc¬ 
tion is always toward the target. This occurs 
with a navigation ratio of one. In the con¬ 
stant-bearing course, the sightline vector 
maintains a constant spatial direction. It is 
approximated by commanding a rate of 
change in missile heading proportional to the 
instantaneous sightline rate. Figure 2-2 illus¬ 
trates the geometry involved. 




MANEUVER 


EXAMPLE - INTERCEPTION AFTER HEAD-ON LAUNCH. 

Figure 2-2. Missile navigation geometry. 
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(2) The basic functioning of the missile and guid¬ 
ance system is illustrated in the block diagram 
of figure 2-3. Given a set of initial conditions, 
the target and missile kinematics combine to 
produce a specific sight line angle. When the 
tracking loop senses a rate of change in this 
angle, it generates a command directly pro¬ 
portional to the magnitude of the rate. This 
command signal is demodulated and passed 
through a guidance enablement or gain con¬ 
trol circuit before being applied to the mag¬ 
netic amplifiers controlling the fin servos. 
With the guidance enabled, the fins are de¬ 


flected. In the MIM-72A and -72B configur*- I 
tions, the fins deflect until the commanded ap¬ 
plied torque is balanced by reaction moments 
generated by aerodynamic forces on the fin 
surfaces. The MIM-72C and -72E are improved I 
by the addition of fin position feed-back loops 
which provide positive control of fin deflec¬ 
tion through guidance electronics. The fin 
deflections cause appropriate pitch and yaw 
motions of the missile body, producing mis¬ 
sile deflection in a direction to reduce the 
sight line rate and result in an intercept course 
with the target. 



MS 416100 A 


| Figure 2-3. Missile guidance loop - block diagram (MIM-72A/B and MIM-72C/E). 
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(3) The guidance performance of the missile, dur¬ 
ing the initial stages of flight, is limited by the 
enablement circuit, which provides a variable 
loop gain to regulate the transmission of guid¬ 
ance signals to the amplifiers. The purpose of 
the enablement function is to reduce guidance 
gain while missile velocity is too low for 
effective guidance. The enablement function 
minimizes early flight maneuvers and the con¬ 
sequent possibility of loss of track through 
seeker look-angle limiting. 

2-3. Guidance Section. 

a. General. The target tracking and missile guid¬ 


ance and control functions are performed by the guid¬ 
ance section (GS) (shown in figure 2-4). The GS 
consists of three major sections: a seeker section for 
detecting the target’s IR radiation and for sensing 
directional change in the sight line to the target; an 
electronics section for converting the detected target 
information to a seeker tracking signal and guidance 
command signals; and a servo section where the guid¬ 
ance commands are converted into angular deflection 
of the control fins. A simplified block diagram is shown 
in figure 2-5. An umbilical cable transfers external 
power to the guidance section and signals between the 
guidance section and mount prior to launch. The cable 
is disconnected flush with the missile surface at launch. 


> 



MS 416161 

Figure 2-4. CHAPARRAL guidance sections - major components. 
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RIOHT*LEFT UF-DOWN 


FINS 


FINS 


MS 4161S2 


Figure 2-5. CHAPARRAL guidance aection generalized - block diagram. 
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b. Seeker Section. The gyro is positioned by the 
hend-ooil assembly (fig. 2-6). The gyro can process 
throughout its gimbal freedom. An exploded view of 


the head-coil assembly is shown in figure 2-7. The 
seeker section is composed of a protective dome, detec¬ 
tor unit, gyro optical assembly,* and head-coil assembly. 



Figure 2-6. Seeker heed coil. 
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Figure 2-7. Seeker heed coil • exploded view. 


(1) The protective dome provides a clear path for 
the target infrared energy while protecting the 
functional elements of the seeker from the 
environment 

(2) The detector unit provides the support and 
environmental control for the IR detector, as 
well as the means of cryogenically cooling it. 

(3) The gyro optical assembly provides two fiinc- 
tions. First, the spatially-stable element that is 
required for missile flight control and aiming 
and, second, the optical path to focus the IR 
energy on to the detector. The gyro is posi¬ 
tioned by the head-coil assembly. 

(4) Coils contained in the assembly are divided 
into two groups with respect to the gyro: 
active and passive. Active coils exert electro¬ 
magnetic forces on the gyro magnet, an inte¬ 
gral part of the gyro, to rotate and tilt the 
optical system. The coils in this group are four 
gyro drive coil pairs, two precession coils, and 
the supercaging coil. Passive coils, which are 
acted upon by the rotating magnet in the 
gyro, provide information to the electronic 
circuits. This group consists of four saturable 
reactors, four reference coils, the caging coil, 


and the caging cancellation and supercaging 
cancellation coils. 

(5) Gyro drive coils are used to spin the gyro at 
the proper rotational speed. By properly se¬ 
quencing current flow to the coils, electro¬ 
magnetic forces are exerted on the gyro mag¬ 
net to rotate the gyro. 

(6) Precession coils, operated in push-pull by the 
electronic circuits continually process the gyro 
to the target sight line during tracking. The 
magnitude of the current flowing to these 
coils determines the gyro precession rate 
while the phase of current determines the 
direction of precession. 

(7) The two outputs of the reference coils, which 
are out of phase by 90 degrees, represent the 
two major coordinate planes of the missile. 
The current driving the precession coils is 
compared to these reference signals to obtain 
signals used to drive the aerodynamic control 
surfaces. 

(8) The caging coil indicates the magnitude and 
direction the gyro axis is off missile axis 
(Lambda angle). It is the error sensing part of 
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the servo loop which keeps the gyro axis aligned 
with the missile axis prior to launch. As long 
as the gyro and caging coil axes coincide, the 
gyro magnet has no effect on the coil. When 
the gyro is off axis, a voltage is induced by 
the rotating magnet indicating the gyro’s off 
axis position. In the MIM-72A/B prior to mis* 
sile launch when the caging servo loop is closed 
(supercage mode), this signal is fed to the 

supercage amplifier in the launcher and 

returned to the supercaging coil in the 
missile to bring the gyro back to axis. In 

the MIM-72C/E, the primary supercaging 
function is provided by a precession am¬ 
plifier within the missile GS. For angular rates 
of greater than 25 degrees per second, how¬ 
ever, the launcher supercage amplifier is 

utilized, as in the MIM-72A/B. 

(9) The cancellation coils serve to reduce the 
inductive coupling between the active coils 
and the error sensing caging coil. The satura¬ 
ble reactors are part of the gyro motor speed 
control loop. 

c. Electronic Section. The electronic section of the 
GS contains two primary circuits. The first is tracking 
loop which receives the infrared detector output, am¬ 
plifies this signal, and feeds the signal back into the 
precession coils, thereby precessing the gyro and track¬ 
ing the target. The second circuit relates seeker output 
to the missile airframe coordinate system to provide 
guidance control commands to the servo. The electron¬ 
ics section also includes the gyro drive circuit. 

(1) The modulated signal from the infrared de¬ 
tector is amplified and then filtered to remove 
noise; the signals are again amplified, and the 
resulting signal is applied to the precession 
coils in a way to cause the gyro to precess 
toward the target. The target image, there¬ 
fore, tends to remain in the center of the 
reticle. The amplitude of the signal generated 
is proportional to the angular rate of the line 
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of sight between the gyro optical axis and the 
target. The detected and amplified precession 
signal contains phase and amplitude informa¬ 
tion that is proportional to the direction of 
deflection and rate of deflection of the target 
sight line with reference to missile coordi¬ 
nates. This signal is compared in a phase 
detector with signals from the reference coils 
that electrically define the missile coordinates. 
The phase detector has two outputs. One 
output is a current proportional to the sight 
line rate in the right-left plane and the other 
output is proportional to the sight line rate irt 
the up-down plane. These two outputs are 
sent to a two-channel amplifier that controls 
the servo torque acting on the fin control 
surfaces. 

(2) Activation of the control loop is modified by 
the slow enablement circuitry. This allows the 
missile to reach a velocity generally greater 
than the target velocity before full activation 
of the guidance loop, thus preventing overcor¬ 
rection during the early phase of the missile 
flight. 

(3) It is necessary to supply energy to keep the 
gyro optics spinning throughout flight. The 
gyro drive circuitry receives its power from a 
dc power supply and transmits it to four coils 
in the head-coil assembly. Four saturable re¬ 
actors in the head-coil assembly supply infor¬ 
mation to the gyro drive to control the 
amount of power applied, and the four refer¬ 
ence coils determine the timing of its applica¬ 
tion. 

d. Servo Section. The servo section, shown in fig¬ 
ure 2-8, consists of the rocker arms, solenoid pistons, 
turbo-generator, relief valve, gas generator, and heater 
band or servo heater. The function of the servo section 
is to convert the missile steering commands received 
from the electronic section into applied torques to the 
fins. 
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(1) The output signals from the magnetic amplifiers 
control two sets of push-pull solenoids, which, in 
turn, control the piston valves. Pistons act in 
pairs, up-down and right-left. As current is 
increased in one piston solenoid valve (such as 
the one used to cause a right turn), the current 
in the opposite piston solenoid valve (for the left 
turn) is reduced. The resulting differential piston 
pressure rotates a rocker arm to which a pair of 
fins is mounted. Rotation of the rocker arm 
deflects the fins in the air stream until the 
torque on the fins from the air stream is just 
equal to the torque delivered by the servo. This 
is known as the torque-balance method of aero¬ 
dynamic control. Additionally, in the MIM- 
72C/E, pendulum potentiometers on the rocker 
arms provide fin position current feedback for 
accurate fin control at low torque command. 

(2) The pneumatic power for driving the pistons 
is provided by a slow-burning solid propellant 
grain contained in a canister attached to the 
servo block. This gas grain is ignited by an 
electrical squib when the gunner presses the 
fire switch. The hot gases flow into the mani¬ 
fold of the servo block and are distributed to 
the pistons through precision orifices in the 
servo block. The escaping gas from the pis¬ 
tons is vented out to the atmosphere. 

(3) The same gas that drives the pistons also 
drives a turbogenerator which provides all of 
the electrical power required by the GS dur¬ 
ing flight. Power output of the turbogenerator 
is approximately 200 watts at a frequency of 
6 kHz. 

2-4. Fuze. 

a. General. The ftize consists of two units: a target 
detecting device (TDD), and a safety-arming device. 
The ftize, located at the aft end of the GS and forward 
of the warhead, is mated and secured to these assem¬ 
blies with clamp rings. The safety-arming device fits 
into a recess in the warhead and is provided with 
electrical and mechanical connections in the aft end of 
the TDD. The primary function of the TDD is to sense 
the target and cause warhead detonation at the point 
of maximum kill probability. When the missile reaches 
the area of maximum kill probability, the TDD sends a 
firing signal to the explosive train in the safety-arming 
device, causing initiation of the warhead booster and 
detonation of the warhead. In the case of contact with 
the target, a signal from a piezoelectric crystal in the 
rocker arm of the servo initiates the explosive train in 
athe safety-arming (S-A) device. If the missile passes 
fcut of range of the target, a self-destruct feature in the 
PQS detonates the warhead. The TDD operates from its 


integral thermal battery power supply. When the tur¬ 
bogenerator of the GS comes up to operating condi¬ 
tions, a relay in the mount doses and current is applied 
to the squib of the TDD thermal battery. 

b. MK 15 TDD. The TDD emits radio frequency 
(RF) radiation around the missile during the missile 
flight. When the missile is within a predetermined 
distance of the target, the TDD senses a change in the 
RF radiation and a signal is sent to the S-A device, 
detonating the warhead. The MK 70 thermal battery, 
which provides an independent power supply for the 
TDD, is sealed within the TDD. It is activated by an 
electrical signal when the missile is launched. 

c. MK 24 TDD. The MK 70 thermal battery in¬ 
side the MK 24 TDD supplies voltages for the TDD 
circuits. The infrared (IR) sensor system is arranged to 
provide a narrow, cone-shaped field of view (channel) 
directed forward of the missile and a similar channel 
directed rearward. These two channels of IR radiation 
from the target converge at a single point in the TDD 
at an angle of 45 degrees. When IR radiation from the 
target enters the TDD sensor through the forward- 
looking channel, the sensor converts the radiation to a 
signal that energizes an amplifier in the TDD. When 
the rearward-looking channel picks up IR radiation 
from the target, a signal is processed in the TDD 
electronic circuits. The signal ceases abruptly when the 
rearward channel moves past the heat source cutting 
off the IR radiation from the target, and the TDD 
sends a signal to the S-A device, causing it to fire and 
detonate the warhead. The two channels provide the 
TDD with a means of discriminating between back¬ 
ground IR radiation and IR radiation from the target. 

d. M 817 (DIDO) TDD. The MK 70 thermal 
battery inside the M 817 TDD supplies voltages for the 
TDD circuits. The TDD is a pulse directional doppler 
(DIDO) radar influence ftise which senses when the 
warhead is within a specified distance of the target and 
provides a firing pulse to initiate warhead detonation. 

e. Safety-Arming Device. Major internal compo¬ 
nents of the safety-arming device are (1) an inter¬ 
rupted explosive train, (2) a distance measuring mech¬ 
anism, and (3) associated electrical switches’ circuitry. 
The safety-arming device performs the dual functions 
of (1) preventing the detonation of the missile warhead 
during assembly and handling and during the first 180 
to 340 meters (591 to 1115 feet) of missile flight, and 
(2) arming, so that detonation can be initiated after the 
missile has traveled the specific distance. 

2-5. Warhead. Located between the ftize and the 
rocket motor is the continuous rod warhead. Figure 2-9 
shows the major components of the MK 48 warhead 
used in the MIM-72A/B. The cap provides housing for 
the safety-arming device while the aluminum case is 
the main structural element. The rod bundle fits over 
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| me aluminum case and is covered by stress skin. The M2S0 
fragmentation warhead is used on the MIM-72C and 
I HHM-72E. 

2-6. Rocket Motor. The rocket motor is located aft of 
the warhead and is the aft-most section of the missile. 
Its major components are the motor tube, propellant grain, 
igniter, RF filter, and nozzle. The motor tube is a steel 
case with integral wing attachment ribs. The propellant is 
cast into the motor tube and case bonded to the motor 
tube wall. An RF filter, to provide protection from acci¬ 
dental ignition by stray RF energy, is mounted on the for¬ 
ward closure plate of the rocket motor assembly. The M121 
rocket motor has a smokeless type propellant grain. 


2-7. Missile Fins and Wings. 


a. The missile fins are the aerodynamic control sur¬ 
faces that guide the missile in flight. Figure 2-10 shows 
CHAPARRAL fin configurations. Each fin is attached to 
a rocker arm by a quick-attach latching mechanism. It is 
only necessary to position the fin over the bracket, located 
on the rocker arm,' and push to lock into place. On the 
MIM-72A/B, pins in two fins are engaged by fin retainers 
to be held in the fore/aft position. During early flight, 
torque applied by the servo forces the pins out of the 
retainers. In the MIM-72C/E, fin restraint is maintained 
by the servo itself. 
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MIM-72C/E 
(AN/DAW FIN) 



MS 416187 A 


Figure 2-10. Fin differences - MIM-72A/B end M1M-72C/E. 
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b. Missile roll rate control is provided by rollerons tab. These gyro forces then deflect the trim tab into the | 

located on two of the rear wings, as shown in figure airstream when missile roll occurs. A rolleron damper 

2-11. The rolleron assemblies function as gyro-acti- assembly hinges the rolleron assembly to the wing and 

vated, automatic trim tabs, for roll-rate control of the provides a damping and stabilization action for the 

missile. As the missile flies, the airstream spins the steel rolleron to prevent flutter. Wings are attached to the 

wheel that provides the gyro forces to the rolleron trim missile by inserting them over a support-alignment rail 

and tightening a single screw. 



Figure 2-11. Wing MK 4 with rolleron end wing MK 5. 
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2-8. CHAPARRAL Trailing MissOes M30 and M33. 

a. The CHAPARRAL inert training missiles M30 and 
M33 have a dome protector, a guidance section, fins, a 
TDD, an S-A device, a warhead, a rocket motor, and wings 
that are of the same size and weight as the tactical missiles. 
The M30 has the appearance of the MIM-72A/B tactical 
missile. Training missiles M30 and M33 do not have explo¬ 
sive elements or propellants. The training missile compo¬ 
nents have appropriate markings and are painted gold. 

b. A tactical guidance section MK 28 may be substi¬ 
tuted for the inert guidance section MK 34 on the M30 


training missile when an umbilical cable adapter is used. 
Tactical guidance section AN/DAW may be substituted for 
the inert guidance section AN/DAW on the M3 3 training 
missile when an umbilical cable adapter is used. The cable 
adapter prevents accidental ignition of the gas grain genera¬ 
tor in the guidance section during tracking and simulated 
launching exercises. 

2-9. Missile Shipping and Storage. CHAPARRAL missiles 
may be shipped and stored assembled or as separate compo¬ 
nents. As shown in table 2-1, all missile and major compo¬ 
nent models use the same group of protective containers for 
shipping and storage. 
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Table 2 - 1. Missile Component Containers for Shipping and Storage 


Item 

Container 

DOT Markings 

DOT Explosives Clou 

Missile M1M-72A 
(tactical) 

M570 

Rocket Ammunition with 
Explosive Projectile 

A 

Missile MIM-72B 
(training 

M570 

Rocket Ammunition with 
Explosive Projectile 

A 

tactical) 

Missile M1M-72C 
(tactical) 

M570 

Rocket Ammunition with 
Explosive Projectile 

A 

Missile M1M-72E 
(tactical) 

M570 

Rocket Ammunition with 
Explosive Projectile 

A 

Missile, M30 

M570 

None 

None 

(training) 

Missile M 33 

M570 

None 

None 

(training) 

Guidance 

Section MK 28 

M586 

Explosive power device 

Gass C, Handle Carefully 

Keep Away from Fire 


Guidance Section 
AN/DAW-1 B 

MS 86 

Explosive power device 

Gass C, Handle Carefully 

Keep Away from Fire 

C 

Guidance 

Section MK 34 

M586 

None 

None 

(inert training) 

Target Detecting 

MS88 

None 

None 

Device MK IS 

Target Detecting 

MS 88 

None 

None 

Device MK 24 

Target Detecting 

M588 

None 

None 

Device M 817 

Target Detecting 

M588 

None 

None 

Device MK 51 
(training) 

Safety and Arming 
Device MK 13 

M589 

Detonating Fuze, Gass C 

Gass C Explosive 

Handle Carefully 

C 

Safety and Arming 
Device M 145 

M589 

Detonating Fuze, 

Class C Explosive 

Handle Carefully 

c 

Safety and Arming 
Device MK 37 

M589 

None 

None 

(inert) 

Warhead MK 48 

M587 

Explosive Projectile 

A 

Warhead M 250 

M587 

Explosive Projectile 

A 

Warhead MK 63 

M587 

None 

None 

(inert) 

Rocket Motor 

PN 13060326 

Rocket Motor 

B 

MK 50 

(Wooden Box) 

Gass B Explosive 


Rocket Motor 

PN 13060326 

Rocket Motor 

A 

M121 

(Wooden Box) 

Class A Explosive 


Rocket Motor 

MK 63 

PN 13060326 
(Wooden Box) 

None 

None 

(Inert) 
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Section II. GUIDED MISSILE LAUNCHING STATION 


2-10. General. 

a. The launching station is a turret with a support¬ 
ing base structure as shown in figure 2-12. The turret, 
or mount, provides the operator the capability Tor 
challenging aircraft with the IFF subsystem and for 
aiming and firing the missiles. The base structure, in 
addition to providing required mechanical support, 
contains essential auxiliary equipment (for example, 
the power sources) as well as storage for missiles, crew 
equipment, and miscellaneous tools for operator main¬ 
tenance. 

b. The complete launching station is independent 
of the particular mode of operation; that is, it may be 


carried on a tracked vehicle to provide mobility; it may 
be operated from a fixed ground emplacement; or it 
may be operated from a trailer, railway car, or other 
carrier. In itself, it is capable of completely autono¬ 
mous operation. 

c. The launching station is made up of a large 
number of individual hardware assemblies and major 
components comprising several essential and interre¬ 
lated subsystems. Figure 2-13 illustrates the generation 
of the station from its major hardware elements. The 
following subsystems or groupings of related hardware 
items are described for a clear understanding of the 
system operation. 


I 

Figure 2-12. Guided missile hunching station. 
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Figure 2-13. Launching station generation. 
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2*11. Power Subsystem. 


a. General. In order that the fire unit be capable of 
independent operation, the power subsystem is re¬ 
quired to Ainush all electrical power necessary for 
operation. The power requirements of the system may 
be considered in two broad categories. The electronic 
circuits of the Are unit require ± 24 Vdc and the 
missiles require regulated voltage at + 24 Vdc and at 
+ 17S Vdc. This requirement is satisfied by a regulated 
electronic power supply. Other system loads, such as 
rotary equipment, heaters, and the electronic power 
supply, require higher power levels but do not require 
precise voltage regulation. These requirements are sat¬ 
isfied by the prime power which is capable of deliver¬ 
ing large currents in the voltage range of 18 to 30 Vdc. 


b. Electronic Power Supply. The regulated high 
and low voltage power supplied Arils within the follow¬ 
ing limits: 

Voltage Current Maximum ripple 


+24 ±0.7 Vdc* 
-24 ±0.7 Vdo 
+17S ±13 Vdo 


Oto 12 amps 
0 to 6 amps 
0 to 700 ms 


0.5 Vp-p 
0.5 Vp-p 
1.5 Vp* 


* Two sseh power supply 

(1) The power supply incorporates an on-line 
monitor which provides a continuous indica¬ 
tion of its internal condition in the form of a 
GO/NO-GO signal output The output is in 
the GO state when each of the internally 


generated voltages is within the voltage limits 
stated above. 

(2) Each of the regulated voltage outputs has 
short circuit protection which restores the 
power supply to normal operation after the 
short circuit u removed. 

c. Prime Power. The prime power subsystem con¬ 
sists of a gasoline powered engine-generator set and an 
array of storage batteries, as shown in figure 2-14. The 
engine-generator set powers the system power loads 
and provides battery charging voltage as well. 

(1) The engine-generator set, or main power unit 
(MPU) shown in figure 2-15, is composed of 
a 10 horsepower, two-cylinder guolw en¬ 
gine and a belt driven 28 Vdc, 300 ampere 

S mentor which also (Unctions as a starter for 
e engine. The storage battery set consists of 
four 12-volt, 100 ampere-hour, lead-add bat¬ 
teries connected in series-parallel. A battery/ 
charge indicator provided on the master con¬ 
trol panel housing (fig. 2-21) shows the volt¬ 
age across the batteries. A voltage-current 
ngulator system maintains the genemtor out¬ 
put voltage constant for loads less than the 
capadty of the engine generator. For power 
demand in excess of this level, the genemtor 
output voltage is reduced to maintain the 
generator output current constant. When the 
genemtor voltage is reduced to the batteiy 
terminal voltage level, additional demand is 
supplied by the batteries. 
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Figure 2-14. Power ayatam configuration. 
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Figure 2-15. Mein power unit. 


(2) Other features of the prime power subsystem 
include automatic cycling, manual’ start capa¬ 
bility, provision for external power intercon¬ 
nection, and battery heating for cold weather 
operation. A fuse and spare fuse are located 
in the engine shroud. The fuse protects the 
electrical crank circuits from overload tran¬ 
sients during startup. An elapsed time indica¬ 
tor mounted on the engine displays accumu¬ 
lated engine running time. 

(3) When the system is activated in the READY, 
TEST, or OPERATE mode, the engine-gener¬ 
ator set runs continuously to provide system 
power and to maintain battery charge. Ade¬ 
quate ftiel for 20 hours continuous operation 
of the MPU and battery heater is carried in 
two fuel tanks located one on each side of the 
elevator well. When the system is activated in 
the STANDBY mode and the prime power 
switch is in AUTO, the power demand is low 
and the engine-generator set is automatically 
cycled on for 40 minutes followed by a 20- 
minute off-period in order to maintain a satis¬ 
factory battery charge. 


(4) Manual operation of turn on is provided to 
allow the engine-generator set to be started 
and operated for purposes of testing and 
maintenance or in the event of malfunction of 
the automatic cycling feature. In addition, 
provision has been made to allow starting of 
the engine with a starter pull-rope in the 
event of inadequate battery power to crank 
the engine. 

(5) A receptacle is provided on one side of the 
pallet structure. This receptacle is in parallel 
with the prime power subsystem and allows 
connection of external power to the system in 
the event of malfunction of the engine gener¬ 
ator set. This feature can also be used to 
provide power from the system to an external 
load such as the vehicle or another fire unit 

(6) In order to achieve optimum operation of the 
batteries in extremely cold climates, battery 
heating equipment has been incorporated. Bat¬ 
tery heating provisions are shown in figure 
2-16. A combustion heater is located in the 
MPU compartment near the gasoline engine. 
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When energized, the control system for the 
heater senses the battery electrolyte tempera¬ 
ture and causes the heater to start when this 
temperature falls below the nominal value of 
12*C (33*F). Hot air from the heater is 
ducted through the battery box located in the 
crew equipment compartment When the elec¬ 
trolyte temperature reaches the nominal value 
of 27*C (80*F), the heater stops. Some of 
this heat is also directed over the cylinder 
heads of the air compressor compartment to 
provide prestart warming of these Items. 

2-12. Mount Drive Subsystem. 

a. Fast, accurate response of the turret to the 
commands of the gunner is essential to achieve full 


system effectiveness and the required short reaction 
time. The control system selected uses closed loop 
control with rate feedback in its primary mode of 
operation. In response to a given control handle de¬ 
flection, a constant output rate of the mount in azimuth 
or of the launchers in elevation is obtained. A block 
diagram of the control system is shown in figure 2-17. 
To provide reauired performance with high efficiency, 
reliability, and load insensitivity, a hydraulic drive 
system has been used. Figure 2-18 illustrates the im¬ 
portant elements: the hydraulic pumping unit and heat 
exchanger, azimuth and elevation drive units, the hand 
control unit operated by the gunner, and the electronic 
circuits that process signals from the control unit and 
provide electrical control information to the hydraulic 
valves. 


I 
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Figun 2-16. Bttttry hitting. 
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Figure 2 - 17. Mount drivo control mymtmm. 










TM 6-1426-1686-10-1 



MS 416176 


Figure 2-18. Mount drive subsystem. 


b. Although the primary operating mode is a sim¬ 
ple rate feedback mechanization, other special modes 
of operation are provided. These include a position 
mode in elevation which is used to bring the missiles to 
one of two fixed elevation angles, zero degrees or -9 
degrees, and the superelevation mode. The zero angle 
elevation is used when it is desired to secure the mount 
for transportation and the -9 degrees position is nor¬ 
mally used in preparation for missile loading. Modified 
rate control in azimuth is used in conjunction with 
these elevation position modes. This control uses the 
normal rate system but with fixed input, and it deacti¬ 
vates the azimuth drive system at such a position that 
the normal stopping characteristics bring the mount to 
rest at a rear pointing position. The superelevation 
mode, which is essential to proper conduct of a tactical 
engagement, also uses the position capability of the 
elevation channel. Superelevation occurs after initiation 
of the launch sequence and causes the missiles to 
superelevate to an angle of 17 degrees above the 
sighting line at the moment of firing, or 17 degrees 
above the local horizontal, whichever is smaller. Cor¬ 
rect performance of this function requires sensing of 
the local horizontal, and this is provided by the inclu¬ 
sion of a pendulum potentiometer. Superelevation is 
required to assure the MIM-72 missiles good hit proba¬ 
bility when fired at low launch elevations. 

c. The azimuth and elevation drive units are simi¬ 
lar, each consisting of a servo valve and manifold 
block assembly, a hydraulic motor, a reduction gear¬ 
box, and a dc tachometer. The servo valve, which is 
operated by control signals from the mount drive 
electronics, applies high pressure hydraulic fluid from 


the hydraulic power unit to the motor. The motor can 
be operated in either direction and at variable speeds 
by unbalancing the currents in the two control coils of 
the servo valve. There are several pressure relief valves 
in the manifold assembly to provide overload protec¬ 
tion and other specific functions. One valve relieves 
back pressure to permit manual rotation of the mount 
or launchers when the system pressure is zero. Another 
valve limits the back pressure developed by the motor 
during fast accelerations. The output of the motor is 
coupled through the reduction gear box to either the 
azimuth or elevation drive train. 

d. Several sensing circuits are used to sense the 
position and rates of the turret and launch rails. The 
azimuth position sensing circuit contains a switch which 
sends a signal to the mount drive electronics to indicate 
mount heading. It closes when the mount is pointing to 
the rear and indicates that the mount has reached the 
load or stow position in azimuth. The switch is located 
on the slipring assembly within the mount pedestal, 
routes with the mount, and is activated by a cam lobe 
mounted on the structure. 

e. The azimuth slew command sensing circuit 
sends a signal to the mount drive electronic assembly 
to rotate the mount the shortest disunce when the load 
or stow command is initiated. The circuit contains a 
switch which is located on the ring assembly within the 
mount pedesul and routes with the mount. When the 
mount is facing to the right of the structure centerline 
as viewed from the gunner’s compartment, the switch 
is closed, and when it is facing to the left, the switch is 
open. It is activated by a 180 degree cam lobe 
mounted on the right hand side of the structure. 
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f. The angle of the structure with respect to hori- 
zontal is sensed by a gravity operated pendulum poten¬ 
tiometer whose output is used by the mount drive 
electronics to determine requirements for supereleva¬ 
tion. 

g. The angle of the launch rails with respect to the 
structure is sensed by the elevation position potentiom¬ 
eter and its output is also used to determine superele¬ 
vation requirements as well as the elevation limit 
control function. 

h. During search and acquisition, drive command 
signals from the hand control are the primary inputs to 
the mount drive electronics. The mount drive electronic 
circuits process these command signals to generate 
control voltages which produce the desired response 
from the azimuth and elevation drive assemblies. The 
hand control signals are modified to improve the re¬ 
sponse of the system to the movements of the hand 
control and assure system stability. 

I. In addition, a limiting function is applied to the 
elevation loop which overrides the elevation drive 
command from the hand control as the launch rails 
approach either the +90 or the -9 degree travel limit 
This limiting function serves to slow and stop the 
launch rails before they reach their mechanical stops. 
The limiting function is derived by comparing the 
output of the elevation position potentiometer with the 
elevation slew command. 

j. As the target is being tracked, the holdflre indi¬ 
cator circuit monitors the tracking rates, acceleration, 
and elevation position. When predetermined limits are 
exceeded, the circuit lights the holdflre lamp in the 

( ;unner’s sight, which Indicates the target is in the 
aunch deadzone surrounding the fire unit and a mis¬ 
sile fired at this time would be unable to intercept the 
target. The holdflre circuit is intended to assist the 
gunner to fire missiles having the MK. 28 guidance 
section (MIM-72A/B) with good hit probability. The 
AN/DAW-1B OS (MIM-72C) is capable of overcom¬ 
ing the low hit probability factors signaled by the 
present holdfire circuit lamp. 


2-13. Cryogenic Air Subsystem. 

a. The missile uses a cryogenically cooled infrared 
detector as described in paragraph 2-3b. The detector 
is cooled by application of high pressure purified air, 
200 kgs/cm 2 (2845 psi) (19.62 MPa), to a cryostat in 
the missile guidance and control group. In order to 
permit independent operation of the system for ex¬ 
tended periods of time and to minimize resupply re¬ 
quirements, the air supply has been mechanized as an 
integrated subsystem. As such it accepts ambient air, 
compresses it, filters and purifies it, and distributes it 
by means of appropriate plumbing and control valves. 
All major components of the missile air supply subsys¬ 
tem are shown in figure 2-19. The compressor is a 
standard aircraft type that has a rate output of 211 
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kgs/an 8 (3000 psi) (20.68 MPa) of 1 standard liter ( 
per second (2 standard cubic feet per minute) (SCFM) 
at sea level. Compressed air from this unit is passed 
through the air purification unit assembly located in 
the crew equipment compartment. This purification 
assembly consists of a fhoisture separator, large molec¬ 
ular sieve desiccant element, and one three-micron 
mechanical filter. The purification element has been 
sized so that under severe combat conditions it need 
not be replaced more often than every three days. This 

E eriodk maintenance is compatible with that required 
y other elements of the system such as the MPU. the 
compressor, and the hydraulic system. Running time of 
the compressor is indicated on an elapsed time meter, 
located on the master panel in the rear of the integra¬ 
tion structure, and serves as the basis for determining 
replacement of the purification element. Blowdown, 
element removal, and replacement can normally be 
accomplished within 10 minutes. The subsystem in¬ 
cludes only a small reservoir capacity associated with 
the purification assembly and tubing, and the time 
required to build pressure to an operational level in the 
missile is less than 10 minutes. An oil level sight gauge 
and an easily accessible oil fill opening located on tne 
air compressor facilitate daily oil checks and periodic 
refill. 

b. All purification of missile cryostat air is per¬ 
formed in the integration structure. The air is tnen . 
ducted to the rotating mount through a pneumatic I 
rotary union and on to all four launcher assemblies. 
Each launcher assembly contains a control valve which 
permits the air to pass through capillary tubing in the 
missile umbilical cable and Into the missile. Control 
valve actuation is determined by the automatic missile 
selection and activation circuitry. Missile air demand is 
governed by a valve system, internal to the missile 
itself, which cycles as a function of detector tempera¬ 
ture. 


c. Electrical resistance heater blankets are pro¬ 
vided on all parts of the subsystem upstream of the 
desiccant element. The heaters are thermostatically 
controlled and prevent freezing of moisture in the 
subsystem during operation at ambient temperatures 
below 0°C (32°F). The dew point of the air flowing 
from the purifier is well below -65°C (-85°F), so no 
heating is required downstream of this point In order 
to reduce dram on the batteries, the moisture separator 
heater is activated only when the compressor is operat¬ 
ing and temperatures warrant activation. 

d. Operation of the compressor is automatically 
controlled. The compressor is enabled whenever system 
master power is on. Under these conditions the com¬ 
pressor starts when system pressure is less than 190 
kgs/cm 2 (2700 psi) (18.62 MPa) the compressor stops 
when the pressure exceeds 218 kgs/cm 8 (3100 psi) A 
(21.37 MPa) and remains stopped until the pressure I 
drops below 190 kgs/cm 8 again. The compressor con- ” 
tinues cycling between these two pressure levels as 
required. 
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Figura 2-19. Missila air supply subsystam. 


2-14. Sequence and Control Subsystem. 


a. The sequence and control subsystem encom¬ 
passes all manual controls, essential indicators, and the 
logic and control circuits associated with activation of 
the system, control of missile selection and sequencing, 
missile launch sequencing, and test and maintenance 
functions. As a subsystem, it is composed of four 


control-indicator panels and one electronic circuit as¬ 
sembly. Three of the four panels are located in the 
gunner’s compartment and are depicted in figure 2-20. 
These provide the gunner with all the controls required 
to fulfill the system function. 

b. The fourth control panel is located in the rear of 
the integration support structure and contains the sys¬ 
tem master power control and special controls for 
system activation (fig. 2-21). 


i 


Digitized by LjOOQle 


2-27 





TM 9442S-1586-10-1 





Figure 2-20. Qunnor’t comportment control ponolt. 
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Figure 2-21. Matter control panel. 
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c. The missile control electronics assembly is lo- d. The primary function of the sequence and con- i 

cated in the mount pedestal. It contains the logic and trol subsystem is to provide control of missile selection " 

control circuits associated with the missile/launching and activation according to the system mode of opera- 

system interface including missile selection and se- tion selected and to provide control of missile launch 

quendng, and missile launch. sequencing. The entire subsystem is shown pictorially 

in figure 2-22. 



Figure 2-22. Missile control tubtyttom. 
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2-15. Controls and Indicators - Sequence and Control 
Subsystem. 

a. The controls and indicators not directly related 
to the primary function of the sequence and control 
subsystem are discussed in paragraphs a. through e. 
Those controls and indicators related to missile control 
and launch sequencing are discussed in paragraphs f. 
and g. 

b. The controls located on the right control panel 
in the mount provide operational control of the com¬ 
munications subsystem and the mount load/stow func¬ 
tions. Additionally, a connector is provided for attach¬ 
ment of the gunner’s head set, and a test connector 
serves a dual purpose in that the knee switch is nor¬ 
mally connected through it to key the mike without the 
use of the gunner's hands. 

c. The controls located on the left control panel in 
the mount include the following: 

(1) Mount conditioning controls • provide control 
of the mount air blower, heater and air condi¬ 
tioner, and the mount heater circuit breaker. 

(2) Missile cage/uncage - provides a means to 
cage and uncage the missile seeker of any one 
of the missiles mounted on the launch rails 
for testing purposes when the system is in the 
TEST mode of operation. This control is inop¬ 
erative in all other system modes. 

(3) Lamps • provides bright-dim control of the 
intensity of the various indication lamps lo¬ 
cated on the mount control panels and pro¬ 
vides a means of artificially illuminating all 
lamps to verify that all are operative. 

(4) Circuit breakers • provides control and remote 
reset capability for the high-power circuits 
associated with the regulated power supply 
and the mount drive subsystem. 

d. The indicator lights on the left control panel 
provide the following visual indications: 

(1) Warning - provides a warning (yellow) indi¬ 
cation when an unsafe or out-of-tolerance 
condition exists in the mount drive subsystem, 
the regulated power supply, or the prime 
power subsystem. 

(2) Interlock - provides a visual (red) indication 
to supplement the audible warning tone pro¬ 
vided to the gunner's headset when one of 
the several firing interlocks is actuated. These 
three indicators allow the gunner to deter¬ 
mine which interlock is activated and to make 
the decision whether or not to override the 
interlock and complete the firing sequence or 
to select another launch rail in the case of a 
launch rail interlock. Presence of either the 
mount interlock or the structure interlock in¬ 
dicates that one or more of the access doors, 


hatch covers, or the mount canopy are not 
properly closed and latched. The presence of 
the launch rail interlock indicates that the 
firing safety pin has not been removed from 
the selected launch rail. 

(3) A test connector for connection of fault isola¬ 
tion test equipment is also provided. 

e. Some of the controls and indicators located on 
the center control panel pertain directly to the sequence 
and control subsystem primary function and are dis¬ 
cussed later. The others are: 

(1) The mount power switch (and associated pilot 
light) which controls the power contactor 
which supplies electrical power to all the 
mount elements. 

(2) The azimuth indicator which indicates by a 
clock dial to the gunner the angular displace¬ 
ment of the mount longitudinal axis with 
respect to the pallet longitudinal axis. 

f. The controls located on the master control panel 
on the aft end of the pallet provide the means for 
activating the following subsystem and elements: 

(1) Master power - makes electrical power availa¬ 
ble to all subsystems except the communica¬ 
tions subsystem and the battery heater. 

(2) Communications • provides battery power to 
the communications subsystem regardless of 
the status of the master power switch. 

(3) Battery heater - provides power to the battery 
heater regardless of the status of the master 
power switch. 

(4) Prime power - provides the means of activat¬ 
ing the prime power subsystem in either the 
automatic or tne manual mode of operation 
and of accomplishing a manual start of the 
MPU engine as described in paragraph 2-12. 
The AUTO/OFF/MAN mode select switch is 
a rotary switch in earlier model systems and a 
toggle switch in newer models. 

(5) Loading safety - provides a means of inter¬ 
rupting all power to the launch rails during 
missile loading and unloading. This is a self¬ 
latching switch which is automatically re¬ 
stored to the normal position when the mount 
is ftilly erected. 

(6) Load/stow and erect/retract • provide same 
capability as controls of the same name lo¬ 
cated on the right control panel in the mount 

(7) Erect/retract circuit breaker - provides control 
and remote reset capability for the erect/ 
retract motor power circuit. 

(S) Lamp test • provides means to illuminate all 
the indicator lamps on the panel to verify 
proper operation. 
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(9) Three miuile heater circuit breaker! • provide 
control and remote reset of the power in each 
of the missile servo heater supply circuits, that 
is, the circuit which supplies the missile on the 
launch rails, those in the left missile storage 
compartment, and those in the right storage 
compartment. 

(10) The indicator lights provide an indication of 
the status of the master power switch and of 
the loading safety switch. 

(11) Seven elapsed time indicators record the 
length of time that each of the missiles on the 
launch rails has had power applied to the 
seeker gyro and the accumulated running 
time of the hydraulic pumping unit, the air 
compressor, and the engine-generator set. 

(12) A test connector is provided for connection of 
fault isolation test equipment. A pair of termi¬ 
nals is provided for connection of one of the 
field telephones into the intercom circuit. 

g. In addition to those discussed above, the center 
control panel contains the following controls and indi¬ 
cators related to missile control and launch sequencing: 

(1) Mode select switch - provides the means of 
placing the system in the TEST, STANDBY, 
READY, or OPERATE mode of operation as 
described in paragraph 2-16. 

(2) Arm switch and associated indicator light - 
with the system in the OPERATE mode of 
operation, when the arm switch is activated 
the missile firing circuit will be completed if 
all firing interlocks are satisfied and if the 
control handle palm switch is activated and 
the firing trigger is squeezed. The arm switch 
is protected against inadvertent operation by 
a hinged cover which must be displaced prior 
to operating the switch. Once operated, the 
arm switch is magnetically latched in the 
operated position until it is manually restored 
to the nonoperated position or until the mode 
select switch is placed in any position other 
than the OPERATE mode. 

(3) Selected missile indicators - when the system 
is in the READY mode of operation, one of 
the four missiles on the launch rail is kept in a 
full state of readiness for launching. To equal¬ 
ize seeker gyro running time on the four 
missiles, the missile selected to be maintained 
in the full state of readiness is automatically 
changed every 16 minutes. The purpose of the 
selected missile indicators is to indicate which 
of the four launch rails holds the missile 
which is being maintained at full readiness. 

(4) Sequence advance switch • provides the gun¬ 
ner with the capability to manually select any 


one of the four launch rails to be the one with I 
its missile at ftill readiness for any reason " 
when in the OPERATE or TEST mode. With 
the system in the OPERATE mode, all mis¬ 
siles are kept in a ftill state of readiness. In 
this condition, the selected missile indicator 
indicates the launch rail ftom which a missile 
will be launched if the launch sequence is 
initiated. 

2*16. Missile Control Electronics Assembly - Se¬ 
quence and Control Subsystem. 

a. The missile control electronics assembly pro¬ 
vides the control logic required to interpret and imple¬ 
ment the appropriate reactions corresponding to the 
selected system mode of operation and to the missile 
launch initiation command. A description of the fea¬ 
tures of the modes of system operation and the philos¬ 
ophy of each is contained in chapter 3. A summary of 
the status of the various missile interface functions 
during each mode of operation is as follows: 


Mode 

STANDBY 
(attack possible) 


READY 

(attack probable) 


Miuile Interface functions 
supplied 

Missile servo heater power and 
reduced filament power with 
PRIME POWER switch in AUTO 
position for MPU 40/20 cycling. 

Missile servo heater power to all 
missiles 

Missile selected for full state of 
readiness: 

Normal filament power 
Cryogenic air 
Gyro drive power 

Next missile in sequence to be 
placed in full state of readiness: 


Normal filament power 
Cryogenic air 


Remaining missiles (minimum 
state of readiness): 


Reduced filament power 
only 


OPERATE All missiles: 

(attack imminent) 

Servo heater power 
Normal filament power 
Cryogenic air 
Gyro drive power 


TEST 


Selected missile; same as OPER¬ 
ATE mode 

Other missiles; same as STAND¬ 
BY mode 
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Control of these miuile interface Auction* appropriate 
» the aelected tyitem mode operation i* provided by 
the control logic circuits of the assembly. 

h. With the svstem in the READY mode of opera* 
don, one missile u kept in an advanced state of readi* 
sets with respect to the others. A missile is kept in this 
stnte for no more than 16 minutes. At the end of this 
period, the next missile in sequence is advanced to this 
state and the current one is reduced to a minimum 
state of readiness. Control of this missile sequencing 
Auction originates with a timer circuit in the missile 
control electronics assembly. At the end of each 16- 
minute period, a solenoid-operated rotary switch is 
advanced one step and the next missile interface in 
sequence is provided with Aill readiness interface func¬ 
tions. One minute prior to this advance, the next 
missile interface is provided with missile seeker gyro 
drive power (+ 17S Ydc) to insure that the gyro is up 
to speed at the time that missile is advanced to full 
readiness. 

c. The missile launch sequencing Auction of the 
missile control electronics assembly consists of provid¬ 
ing the proper inputs to the missile to accomplish 
initiation and completion of the launching sequence. 
Assuming that the system is in the OPERATE mode, 
all system firing interlocks are satisfied, the palm 
switch on the gunner’s control handle is depressed, and 
the ARM switch on the mount center control panel is 
operated, the following sequence of events will be 
initiated when the firing trigger on the gunner’s control 
handle is depressed: 

(1) The missile seeker gyro is uncaged. 

(2) The missile detent mechanism is released, and 
the rocket motor firing striker pin in the 
launch rail assembly is set 

(3) Electrical power is applied to initiate ignition 
of the missile gas generator grain and to set 
the launch latch mechanism of the missile S-A 
device. 

(4) Gas from the burning gas generator grain 
provides the motive force to turn the missile 
turbo-alternator input shaA. When the turbo- 
alternator reaches operating speed as sensed 
by a tuned circuit in the missile control elec¬ 
tronic assembly, the remainder of the launch 
sequence is allowed to be completed. 

(5) AAer turbo-alternator spin up, electrical 
power is supplied to ignite the missile thermal 
batteiy squib and power is applied through 
the firing striker pin to ignite the rocket motor 
squib. 

. (6) Missile motion causes the firing striker pin to 

| retract and the missile umbilical cable to 

f shear, removing the power interlock ground 

which results in the removal of all electrical 
signals from the missile interface and the 


advancement of the selector switch to the next 
missile interface in sequence for missile 
launching. 

d. An additional Ainction of the missile control 
electronics assembly provides a supercage amplifier for 
each of the missile interfaces. The purpose of the 
supercage amplifiers is to assist the seeker gyro control 
circuit of the missile in maintaining the gyro axis in 
alinement with the missile longitudinal axis during the 
high mount slewing rates common to the system. 

e. An electrical signal is provided from each mis¬ 
sile interface which has gyro drive power present to the 
input of the corresponding supercage amplifier. The 
magnitude of this error signal is proportional to the 
angular displacement between the gyro axis and the 
missile axis. This signal is amplified in the supercage 
amplifier and the output is supplied to the acquisition 
precession coil of the missile seeker head coil to drive 
the gyro back on axis and thus null the error signal. 


2-17. IFF Subsystem. 

a. The Chaparral IFF subsystem permits the 
Chaparral operator to identify aircraA equipped with 
Mode 3 and Mode 4 equipped transponders as friends. In 
normal operation the system provides a coded interro¬ 
gation signal for transmission from the fire unit to the 
unidentified aircraA. A reply signal is automatically 
generated and transmitted by friendly aircraA. Evalua¬ 
tion of the reply (or failure to reply) results in a friend 

or unknown indication in the Chaparral communica¬ 
tions system so that appropriate action can be taken. 

b. The primary components of the IFF subsystem 
are the AN/PPX-3A interrogator, the interrogator 
mount, the challenge switch, the antenna, the IFF 
cable harness and the audio coupler. Figure 2-23 
illustrates the location of the IFF components. 

c. AAer target acquisition and before firing, the 
target is interrogated to establish its friend/unknown 
status. The interrogation sequence is initiated as the 
gunner presses the challenge switch. A coded signal 
from the interrogator is transmitted by the antenna to 
the challenged aircraA. Should the challenged aircraA 
be transponder equipped a response is automatically 
generated. The incoming response is received by the 
antenna and routed to the interrogator where the 
signal is decoded and processed. The resulting audio 
tone is fed through the audio amplifier and the audio 
coupler to the gunner’s headset. If the target aircraA is 
identified as a Mode 3 friend, the gunner hears a single 
one and one half second beep. Should the target 
aircraA be identified as a Mode 4 friend, the gunner 
would hear a beep of a half second duration, a half 
second of silence, then a second beep of a half second 
duration. Should the target aircraA not be equipped 
with the proper transponder, no response would be 
received and the target would be identified as an 
unknown. The audio tone is a series of beeps. In the 
event of system failure no tone would be heard. 
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2-18. Conununlcatlont Subsystem. 

a. The communications subsystem provides exter¬ 
nal contact with the platoon leader for command and 
control purposes; provides for the monitoring of alert 
information; and provides communication among 
members of the crew when they are deployed to their 
operating positions while the vehicle is moving and 
during certain test and maintenance operations. It 
furnishes the crew chief with direct command capabil¬ 
ity and permits the use of remotely positioned observ¬ 
ers to improve target acquisition and total system 
effectiveness. 

b. The communications subsystem is comprised of 
developed, off-the-shelf components (basically an AN/ 
VRC-47 system), with the exception of the gunner’s 
communications and some interconnecting cables. Fig¬ 
ure 2-24 illustrates the location of the communications 
equipment throughout the fire unit. 

c. In the M48A1 configuration, two communica¬ 
tions stations are provided in the vehicle cab, one on 
the left side for the driver and one on the right side for 
the squad leader to facilitate communication when the 
vehicle is moving. Two-way radio and intercommuni¬ 
cation with any other communications outlet on the fire 
unit is available from either cab station. If the launch¬ 
ing station is detached from the vehicle for another 


mode of transportation or operation, the cab communi¬ 
cations are disconnected at a single external connection 
point on the launching system. 

d. Within the integration support structure are 
located the primaty units of the communications sub¬ 
system. These include the receiver-transmitter (RT- 
524/VRC), the audio amplifier (AM-1780), the local 
control unit (C-2329/GRA-39), the auxiliary receiver 
(R-442/VRC), and the land line connection panels to 
service remote communications for three observers and 
the crew chief. Remote communications capability is 
provided for radio and intercom via two-wire land 
lines and field telephones (TA-312/PT) and a remote 
radio control unit G-2328/GRA-39. To facilitate rapid 
deployment, attachment capability for the remote sta¬ 
tions is provided on each side of the vehicle. An 
auxiliary receiver (R-422/VRC) alerts the crew to 
hazardous battlefield conditions and provides early 
warning information through a separate radio link. 

e. The right hand panel in the mount contains the 
communication interface for the gunner to which the 
headset-microphone is connected and upon which the 
gunner’s communications controls are located. A con¬ 
ventional headset with an attached boom microphone 
serves the gunner. A helmet can be worn over the 
headset whenever necessary. Each communications 
station must actuate a push-to-talk mechanism to trans¬ 
mit. The gunner headset is unique in that each earpiece 
is separate; one earpiece supplying missile tone and 
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warning tone; the other supplying radio and intercom audio 
with a volume control provided for each channel and with 
IFF tone response in the background whenever an 
interrogation is made. 

f. To eliminate any mechanical interference during 
a missile launch, the radio antennas are mounted to the 
rear surface of the mount and returned to the station* 
ary portion of the structure through radio frequency 
sliprings. Two antennas are used, one for the reception 
and transmission of two-way communications radio 
signals the other for the auxiliary receiver. 

g. Provisions have been made on the left side of 
the M730 vehicle cab to mount the receiver-transmitter 
antenna. This provision permits maintenance of a com¬ 
munications link with the command elements when it 
is necessary or desirable to install the cargo cover. In 
this event the auxiliary receiver antenna is stored in the 
gunner’s compartment 

2-19. Mount Conditioning Subsystem. 

a. The gunner’s compartment environmental con¬ 
trol subsystem is designed to maintain a comfortable 
and non-toxic atmosphere within the compartment in 
all climatic extremes. A three-speed blower, which is 
energized whenever mount power is on, admits a 
minimum of 5 liters per second of outside air into the 
compartment All air introduced into the compartment 
as well as the recirculated compartment air is passed 


through a particle filter for dust removal and through 
an activated charcoal filter for removal of toxic gases. 

The filter elements insure that the air contaminant] 
within the compartment are within safe and comfort¬ 
able levels in all system operating environments. The 
introduction of fresh air into the compartment insures 
adequate oxygen for the gunner and maintains the 
compartment at a slight positive pressure to prevent 
introduction of toxic missile exhaust gases during mis¬ 
sile launch. The compartment is vented to atmosphere 
through a flapper valve at the rear of the compartment. 

b. During cold weather operation, the compan- 
ment air is heated by passing across a three-clement 
electrical heater. The amount of heating is adjustable 
by energizing one, two, or three of the heater elements. 
Part of the heated air is directed over the inside surface 
of the gunner’s compartment canopy for defogging/ 
defrosting. The rest is directed into the compartment 
for environmental comfort. 

c. During hot weather operation, the compartment 
air is cooled and dehumidified by passage through the 
evaporator coils of a refrigerator unit located aft on the 
mount structure. An adjustable thermostat allows the 
gunner to control the amount of cooling and dehumidi¬ 
fication achieved. Additionally, a three-position switch 

is provided for selection of the air conditioner blower | 
speed. Figure 2-25 and 2-26 illustrate the schematic 
and physical aspects of the mount conditioning subsys- j 
tem. I 



( 

Figure 2‘2S. Mount environmental system - schematic. 
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Figure 2-26. Mourn environmental control aubaystam. 


2-20. Sighting Subsystem. 

a. The relatively large field of view of the missile 
minimizes the resolution required for effective missile 
aiming and permits the use of the unity power, modi* 
fied US. Army M18 reflex si^ht A revised reticle and 
launch envelope hold*fire inductor have been incorpo¬ 
rated in the sight, which is depicted in figure 2*27. 


Ambient light entering through the sight window dif¬ 
fuses, passes through the reticle, is collimated, and 
projected on the sight reflex plate. The reticle image is 
then superimposed by the gunner on the target being 
observed. A reticle illuminating lamp contained in the 
sight window cover permits nighttime checkout or 
maintenance functions. 
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Figure 2-27. Ounnar'a alght. 
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b. Ideally, the center dot of the pattern la held on 
the target aircraft In practice, a gunner of average skill 
can track a typical target within the center one-half of 
the inner ring. Thus, a liberal sighting allowance re¬ 
mains for tracking high speed, rapidly maneuvering 
targets. The outer rings and cross hairs of the reticle 
pattern serve to direct the gunner’s eye to the central 
sighting dot. 

c. Provisions for adjusting the sight line in azimuth 
and elevation are contained in the sight. Provisions 
have likewise been made for adjusting each launch rail 
longitudinal axis and are shown in figure 2-28. The 
alinement retention capability of the subsystem is such 
that realinement on a scheduled basis is unnecessary. 
However, periodic alinement checks or realinement of 
elements of the subsystem that have been disturbed 
because of maintenance or other causes may be per¬ 
formed in the field with the optical alinement device 
(rail alinement fixture) contained in the organizational 
maintenance shop set, covered in paragraph 2-27. 

2-21. Mechanical Elements - Mount. 

a. The function of the mount is to provide the 
capability of supporting, aiming, and firing the missile. 
This is accomplished with rigid mechanical structure, a 


hydraulic mount drive subsystem, various electrics! 
components, and other miscellaneous equipment Ike 
mount also provides protection to the gunner sad 
equipment from missile launch effects and environmen¬ 
tal conditions. 

b. In order to optimize the mount drive control 
subsystem, the structure has been designed for maxi¬ 
mum rigidity and strength consistent with the weight 
requirements of the system. The mount structure is of 
welded high strength steel construction. A stationary 
pedestal and a rotatable turret, as shown in figure 2-29, 
are the two major subassemblies comprising the mount 
structure. 

c. The pedestal is a cylindrical steel weldment 
which provides the turret height required to allow 
missile base clearance during tracking of aircraft It 
also provides protection to equipment housed within it 
from missile launch effects. 

d. The turret is a box-like structure having walls of 
honeycomb construction welded steel. It possesses high 
strength and stiffness to weight ratio. It has unlimited 
azimuth rotation about the vertical axis and provides 
•9 degrees to -1-90 degrees elevation rotation of the i 
two elevation trunion plates located in the side walls. I 



Figure 2-28. Launch rail machaniam alinamant adjuatmant. 
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F/guro 2-29. Mount 

«. Equipment contained within the mount assem- 
bly U shown in figure 2*30. The air conditioning unit, 
azimuth and elevation drive unite, hydraulic power 
supply heat exchanger, and equipment cooling blower 
and dust filter are located aft of the internal bulkhead. 

> Access to this equipment is through a vertically hinged 
external rear door or through a removable structure 
above the gunner's seat. The hydraulic power supply, 
electronics power supply, mount drive electronics, mu* 
tile sequence and control electronics, electrical slipring 
assembly, and pneumatic swivel joint are located on a 
structure that is integral with the turret floor. All 
equipment beneath the gunner's floor is housed and 
routes within the ring base. Access to this compart¬ 
ment is through two opposing doors in the ring base 
wall. 

f. External to the mount structure are the four 
launch rail assemblies and support arms. Symmetry of 
the support arm about a vertical plane allows use of 
common parts at all launch positions. 

g. The support arm is a massive aluminum alloy 
casting designed for maximum rigidity to assure con¬ 
formance between the missile optical axis and the 
gunner’s sight line. The support arm is attached to the 
elevation plate with threaded fasteners and is adjusta¬ 
ble in elevation at this interface. Azimuth adjustment is 
at the support arm/launch rail interface. Electrical 
cables and the high pressure missile cryosut air line 
are routed through the center of the support arm from 
the mount to the launch rail. 

h. The launch rail is a hollow core aluminum alloy 
extrusion which serves as a housing for launch compo- 
l nents and as a guide for the missile during initial 
I launch motion. Within the rail are located the detent¬ 
firing pin assembly, missile air valve, damper assem¬ 
bly, cable assembly, and umibilical retractor. Figure 


2-31 illustrates principal launch rail assembly compo¬ 
nents. 

L The launch rail assembly.performs several func¬ 
tions. These can best be understood through a step-by- 
step explanation of a typical load-to-launch cycle. The 
safety pin is inserted to mechanically and electrically 
disable the firing mechanism. The missile rear hanger 
is engaged on tne rail and the missile is slid aft until 
the front hanger is engaged. The missile is then moved 
ftirther aft until contact is made between the front 
missile hanger and detent assembly. Missile loading 
kinetic energy is absorbed by a hydraulic shock ab¬ 
sorber integral with the detent assembly. This contact 
allows the spring loaded detent to extend into the 
hanger and lock m position. The missile rocket motor 
•quin ground pin Is simultaneously Impacted. The 
shimmy damper engages the aft missile hanger and 
removes loading clearance. The missile umbilical cable 
is then attached to the launch rail receptacle and the 
umbilical retracter is engaged. 

J. Removal of the safety pin enables the launcher. 
When the firing sequence u Initiated, the missile gas 
generator is ignited, and operation of the detent sole¬ 
noid unlocks the detent and impacts the rocket motor 
firing pin. After the missile turbo alternator has come 
up to speed, the rocket motor receives a fire pulse, 
when missile thrust reaches approximately 900 
pounds, the detent is cammed flrom its seat to the 
cockml position, and the missile is launched. With first 
motion, the missile umbilical is sheared and retracted 
into the rail. When electrical continuity with the missile 
is lost, all launch rail circuits are opened which stops 
air flow, deenergizes the detent solenoid, and removes 
the fire pulse. 

k. System safety has been considered in case of 
accidental rocket ignition or detent mechanism mal¬ 
function during a launch sequence. The detent is cou¬ 
pled to the otnerparts of the detent-firing assembly 
with a shear pin. Tne pin is sized to shear from a force 
less than that associated with minimum rocket thrust. 

l. A manual detent retracting latch lever is in¬ 
cluded as a part of the launcher to allow the detent to 
be withdrawn from the missile for missile unloading. 

2-22. Mechanical Elements • Integration Support 
Structure (Mount Base). 

a. Figure 2-32 illustrates the structural concept and 
design approach to the integration support structure. It 
is composed of a matrix of longitudinal and transverse 
beams with bulkheads dividing the central portion of 
the structure into four sections. The section in the 
forward end of the structure provides space for mount¬ 
ing the batteries, power distribution equipment, auxil¬ 
iary receiver, elevator motor, and missile air purifica¬ 
tion assembly and for stowing tools and crew equip¬ 
ment. The second section from the front is a well which 
contains the mount elevator subsystem used to raise 
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and lower the mount. The mount is supported at each 
corner by a low-friction jack screw assembly. The jack 
screws are simultaneously actuated by an electrically 
driven, endless roller chain. The erect/retract subsys¬ 
tem is shown in figure 2-33. 

b. The section to the rear of the elevator well 
provides mounting space for the main power unit, a 
battery heater, fuel pump, and fuel safety valve. The 
rear-most section of the mount base structure is divided 
into two parts. On the left side is a small compartment 
for storage of missile wings and fins. The nght side 
provides space for housing the missile air compressor, 
communications equipment, control equipment for the 
MPU, and a master control panel. The mount base 
structure is completely enclosed to provide the equip¬ 
ment with necessary environmental protection. The 
structure bottom is formed to permit installation in the 
M730 vehicle. The top surface is a flat, horizontal deck 
to which an ablative coating is applied to provide 
protection against missile blast as well as a surface on 


which crew members may walk or stand to perform 
necessary maintenance or operational functions. Doors | 
providing access to equipment within these compart¬ 
ments complete the deck. These compartment doors 
have been held to the minimum, and only three are 
used in the system. Two doors are provided for the 
forward compartment and one for the MPU compart- i 
ment. The ah compartments open to the rear of the ' 
structure and have vertical doors protecting sensitive 
components and parts within. When installed in the 
M730, the vehicle tail gate provides extra protection. 

c. The deck described above extends beyond the 
sides of the basic compartments. Attached under each 
overhang is a compartment for storage of four missiles 
less wings and fins..Each of the compartments consists | 
of a sheet metal bin with dust-sealing door which ! 
opens aft, exposing four rectangular openings into 
which the missile cases are stowed (fig. 2-34). A missile 
rests in each of the cases, which are designed to 
minimize missile body bending. ’ 
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Figure 2-33. Erect/retract subsystem. 
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d. Each individual missile case is retained by built- 
in stops which require no adjustment or tightening 
during loading and/or unloading. Each case has a 
handle which enables extraction of the case from the 
bin with a minimum of effort even with the fire unit 
sloping 10 degrees forward. 

e. The cases consist of an upper and lower half 
which are held together by six clips, three on each side 
and alined with four drift pins (as shown in figure 
2-3S ). When removing a missile, the case is pulled out, 
the upper half of the case is removed, and the missile 
is lifted out of the lower half. 


f. A design feature of the missile stowage case is 
the locking device incorporated in the extraction han¬ 
dle. When the case is fully inserted in the bin, the handle 
is in the up (and locked) position. When the bin door is 
opened, the handles remain up, and the cases remain locked 
in. To extract a case, the operator merely pulls down the 
handle and pulls out the case. In addition, to protect the 
missile during road travel, the case half serves as a missile 
stand during missile rotation. 

g. Equipment arrangement in the integration sup¬ 
port structure is shown in figure 2-36 and includes all 
primary assemblies. 
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h. Extension intercabling and pneumatic plumbing 
is used to provide the necessary communications be¬ 
tween equipment in the structure and to provide exter¬ 
nal interface. Cabling passing between the front and 
rear compartments is routed immediately beneath the 
missile storage boxes (power cables on one side; signal 
and communications cables on the other) and adjacent 
to the side of the central structure. These cables are in 
a protected enclosure. 

L Location of the engine-generator set in an en¬ 
closed compartment makes it necessary to duct air into 
this compartment, as shown in figure 2-37, to maintain 
adequate cooling. With the launcher system mounted 
upon the vehicle in the fire unit configuration, a chan¬ 
nel is formed on each side of the unit between the 
structure and sides of the vehicle. Cooling air is intro¬ 
duced into each of these channels near the forward end 
of the structure and is ducted toward the rear of the 


structure into a manifold chamber in the MPU com¬ 
partment. A fan mounted on the engine flywheel draws 
air out of this manifold; over the engine, and into the 
compartment through a passage over the top of the aft 
compartment and out the aft end of the structure. 

j. Cooling air for the generator is drawn from the 
left channel through a separate duct, through the 
generator, and into the compartment where it is ex¬ 
hausted in the same manner as is the engine cooling 
air. Carburetor air is similarly supplied from the right 
channel. 

k. For reasons of safety, it is necessary to purge 
the MPU compartment of any explosive atmosphere 
prior to starting the engine. A separate blower is 
provided for this purpose. This blower draws air from 
the right channel into the aft compartment where it is 
ducted into the MPU compartment and exhausted, as 
previously described. 
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Section III. CARRIER AND SUPPORT HARDWARE 


2-23. GoneraL Mobility is a prime requirement of the 
CHAPARRAL launching system and the design has 
been directed towards this end. The launching station 
is designed to be mounted on the M730 Aill tracked 
vehicle for complete mobility on improved or unim- 

1 uoved terrain. A ground emplacement kit gives the 
aunching station the capability of operation in a firing 
engagement while dismounted from its carrier vehicle. 

2-24. M730 Vehicle. 

a. The most versatile operating mode of the 
launching system is when mounted on the M730 full 
tracked vehicle. High mobility over practically any 
terrain definitely contributes to the utility of the 
launching system. Various modes of the M730 are 
shown in figures 2-38, 2-39, and 2-40. 

b. The M730 vehicle is a Aill-tracked amphibious 
vehicle capable of travel over primary and secondary 
roads. It can ford streams and can swim when properly 
prepared. The cab can be covered to provide crew 
protection in an ambient temperature as low as -54°C 


(-65°F). For cold weather operation, the vehicle must 
be provided with winterization equipment and a per¬ 
sonnel heater kit. 

c. The M730 vehicle is capable of operation at 
sustained speeds up to 32 mph (31.5 kmph) and a 
maximum speed of 38 mph (61.15 kmph). It is capable 
of transversxng terrain with slopes of Si degrees along 
the longitudinal axis and 17 degrees along the lateral 
axis. The vehicle while operating at low speeds can 
cross over vertical obstacles up to 24 inches (60.96 cm) 
in height, and in reverse pear, obstacles up to 14 inches 
(35.56 cm) in height, without damage to the vehicle. 
The vehicle can cross trenches 36 inches (91.44 cm) or 
more in depth and up to 66 inches (167.64 cm) in 
width. 

d. For amphibious operation, the M730 vehicle 
can, with rated payload, negotiate water of unlimited 
depth with height of waves not exceeding one foot For 
shallow water crossing, the unit can fora shallow, hard 
bottom, salt or fresh water up to 40 inches (101.6 cm) 
deep. When afloat in calm water, the unit can attain a 
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maximum speed of not less than 3 mph (4.83 kmph) 
and it is capable of operation within a 30-foot (9.14m) 
corridor when crossing water. 

e. The M730 vehicle is transportable over rail and 
meets the Berne Gauge Tunnel requirement with the 
mount in the lowered position and the vehicle cab 
removed. The M730 vehicle also meets this require¬ 
ment with the cargo cover and bows installed. 

f. The M730 vehicle can be transported by air in 
accordance with AR703r35, Phase II. 

g. Integration of the launching system and the 
M730 vehicle has been accomplished with little modi¬ 
fication of the basic M348 cargo carrier. Blast covers 
have been added to protect the vehicle cab during 
launching. This vehicle is of the same family of tracked 
vehicles that includes the Ml 13 armored personnel 
carrier. Among these modifications are reducing the 
height of the side walls and tailgate, modification of 
the cargo cover to allow compliance with Berne gauge 
clearance requirements, addition of four structural tie 
points for mating of the launching station to the vehi¬ 
cle, modification of personnel heater ducting to heat 
only the cab, and modification of the cab seating 
arrangement to accommodate five men. 

h. Provision has been made to permit communica¬ 
tions operation while in the transit mode with the 
cargo cover in place by allowing the antenna and 
matching unit to be relocated from the mount to the 
left side of the vehicle. A jumper cable completes this 
modification. 

L The following additional equipment is provided: 

(1) Swim kit to allow deep water crossings. 

(2) Blast shield and covers to protect the vehicle 
engine compartment and driver’s compart¬ 
ment from missile launch effects. 

(3) Communications interface. 

(4) On equipment material (OEM). 

(5) Winterization equipment for use in extremely 
cold climates. 


j. Considerable auxiliary equipment is carried on 
board the vehicle. For the most part, this equipment is 
necessary for vehicle maintenance and consists of vari¬ 
ous hand tools, wrenches, screwdrivers, and the like. 
Several entrenching tools are also carried. These are a 
pick mattock, shovel, axe, crow bar, and sledge ham¬ 
mer. A filled five gallon water can is carried in a rack 
in the vehicle cab. The external communications equip¬ 
ment and four reels containing 1/4-mile each of field 
telephone wire are also stored in the cab. 

2-25. Ground Emplacement. 

a. General. In certain applications, the high mobil¬ 
ity offered by the self-propelled fire unit is unnecessary. 
An example would be deployment about an air field as 
a low level adjunct to an existing air defense installa¬ 
tion or heli-lift in support of march columns. Since the 
launching system is completely self-contained and ca¬ 
pable of autonomous operation for indefinite periods, 
the addition of simple supporting structure allows the 
system to be ground emplaced. 

b. Emplacement Kit. This kit provides four support 
assemblies (installed one at each corner of the fire 
unit) which support the unit in a semi-permanent 
location emplacement mode for either operation or 
maintenance purposes. The kit includes a special 
wrench for installation. The combination of small sys¬ 
tem size, leveling capability, and low ground contact 
pressure minimizes the necessity for site preparation 
and permits emplacement in practically any place the 
system can be transported. 

c. Helicopter Lift Kit. The lift kit, as shown in 
figure 2-41, provides a safe, shock absorbing/limiting 
means of quickly transporting the M34AI fire unit 
between ground emplaced sites or along a convoy 
route by means of helicopters. It consists of two sup¬ 
port assemblies (to be installed on the fire unit, one 
forward and one aft), a protective cover for the turret 
cover for the turret canopy, and a special wrench for 
attachment. The lift system utilizes the existing fire unit 
hoist sling as well as the normal complement of heli¬ 
copter lift slings. 
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Figure 2-41. CHAPARRAL ground emplacement helicopter lift kit. 
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Section IV. MAINTENANCi SUPPORT EQUIPMENT 


2-26. General 

a. The system test equipment provides two types 
of transportable shelters containing maintenance and 
fault isolation equipment for the Are unit and the 
missile. The two transportable shelters and associated 
equipment are referred to as the organizational mainte¬ 
nance shop set and the support maintenance shop set 

b. The organizational maintenance shop set AN/ 
TSM-95A (OMSS) has a missile test set to check out 
the missile guidance section and provides storage for 
the launch and control test set used in isolating faults 
to the replaceable unit level on the launching system. 
The shop set also stores a rail alinement set used in 
alining the launch rails with the gunner’s sight. In 
addition, this shop set has a self-contained pneumatic 
supply system which provides high pressure air for the 
guided missile test set and storage space for various 
tools. 

c. The support maintenance shop set AN/TSM-96 
(SMSS) provides a controlled environment for the 

? ;uided missile system electronic units test set used in 
ault isolating within the units removed from the 
launching system and in providing maintenance cali¬ 
bration and fault isolation on the launch and control 
test set and the guided missile test set. It also provides 
storage space for spare components and units to facili¬ 
tate repair and exchange replacement of bad units. 

d. Both the OMSS and SMSS units are provided 
with helicopter-lift portable shelters commonly referred 
to as Helihuts. Both shelter configurations are identical 
in physical size but will differ in the equipment layout 
inside and the amount of air conditioning provided. The 
physical dimensions for each shelter are approximately 
4.1 meters (13.5 ft) long, 2.2 meters (7.2 ft) high and 2.2 
meters (7.2 ft) wide. The total weight with the support 
equipment is approximately 2.3 tons. The shelters, with 
equipment, can be transported by a M36 truck, helicopter, 
C130B aircraft, or railroad flatcar and are adaptable to 
shelter dollies. In conjunction with a 208 volt, 3 phase 
400 cycle power supply (30 KW), the shop sets are self- 
sustaining and equipped for continuous operation under 
worldwide climatic conditions. 

2-27. Organizational Maintenance Shop Set (OMSS). 

a. General. The various equipment comprising the 
organizational maintenance shop set are shown in 
figure 2*42. A brief description of the equipment and 
their functional use follows. The AN/DSM-79 test set 
is used to test the MK 28 OS only. Dimage may result 
to an AN/DAW- IB OS if tested on this test set. 

b. Guided Missile Teat Set, AN/DSM-79. The 
guided missile test set is the result of modifications 


made to the MK409 test set which is used for checkout 
of the Sidewinder guidance and control group. It is 
self-contained in a two-piece aluminum case 66 centi¬ 
meters (25.98 in.) long, 51 centimeters (20.08 in.) 
wide, 41 centimeters (16.14 in.) high, and weighs 
approximately 54 kilograms (119.05 lbs). It requires 
350 volt-amps of electrical power input at 115 volts, 
400 Hz. High pressure air between 140 and 21 kg/cm 
(2000 and 3000 psi) (13.79 and 20.68 MPa) is re¬ 
quired for cooling the missile refrigerated detector unit 
This high pressure air is also regulated to 70 kg/cm 
(1000 psi) (6.89 MPa) within the test set in order to 
provide pneumatic control of the missile fins and to 
spin the turbogenerator during the tests. It operates on 
a GO/NO-GO principle performing ten tests in ap¬ 
proximately three minutes. If the GS fails a test, the 
tester stops. Then it is possible to bypass that test by 
pressing a reset switch. The test set is capable of self¬ 
check, checking approximately 75 percent of its own 
circuits. 

c. Pneumatic Supply System. The pneumatic sup¬ 
ply system consists of two air compressors with an 
output of 1 standard liter per second (2 SCFM at 3000 
psi) each with accumulators to provide the short-term 
high flow rates required by the missile turbogenerators. 
It also contains air purification filters to provide the 
high purity air necessary for the missile RDU. 

d. Missile Assembly Stand and Missile Tool Kit. 
This stand and associated tools are provided to enable 
disassembly of the CHAPARRAL missile prior to 
testing. 

e. Guidance Section Handling Tray. This tray sup¬ 
ports in-process GS units prior to and subsequent to 
testing by the AN/DSM-79 test set. 

f. Launch Alinement Fixture Set, M71. This fix¬ 
ture permits the verification of the alinement of the 
launch rails with respect to the gunner’s sight. The 
fixture, figure 2-43, is used to accurately aline the four 
launch rails to the gunner’s sight. The fixture consists 
of a three-piece aluminum tube assembly consisting of 
an elbow sight and launch rail hangers. When not in 
use, the fixture is disassembled and placed in its carry¬ 
ing case. The field alinement, shown in figure 2-44, will 
be accomplished by selecting a distant aim point (at 
least 1000 meters) and positioning the mount so the 
gunner's sight is centered on it. The fixture will be 
placed on each rail In sequence and a check made to a 
reticle pattern on the elbow scope to determine If the 
rails are within boresighting tolerances. If any aline¬ 
ment is necessary, a decision will be made to readjust 
the gunner’s sight or one or more of the rails. 
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Figure 2-42. Organizational maintenance shop set components. 


g. IFF Subsystem Training Set. The training set 
consists of an interrogator simulator, cables, and a 
shipping/storage container. The interrogator simulator 
is used in place of the interrogator, when transponder- 
equipped targets are not available for training pur¬ 
poses, to simulate any of the normal responses that the 
interrogator would provide. 

2-28. Support Maintenance Shop Set (SMSS). 
Guided missile system electric units test set AN/TSM- 
101 installed in the SMSS (fig. 2-45) consists princi¬ 
pally of the three-bay rack containing signal generating 
and measuring equipment along with conditioning 


circuitry to test fire unit electronic assemblies, guided 
missile test set, or the launch and control test set. The 
measuring equipment consists of an oscilloscope, a 
counter, and a digital multimeter. Signal generating 
equipment consists of a power oscillator, internal cir¬ 
cuitry, and four power supplies. Test select, connector, 
load panel, and signal conditioning circuitry provide 
the special interface necessary for interconnecting with 
units under test. The test set is all manual and specific 
fault isolation tests are conducted by detailed proce¬ 
dure. Figures 2-46 and 2-47 illustrate the equipment 
locations within the two versions of the three-bay 
console. 
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Figure 2-46. Guided missile leuncher electronic units test set AN/TSM-101. 
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Figure 2-47. Guided missile launcher electronic unite teat set AN/TSM-101 modified. 
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2-29. Programmer/Battery Charger, AN/GSX-1. 

a. The programmer/battery charger (fig. 2-48), in 
conjunction with code key KIK-18/TSEC and com¬ 
puter KIR-1 A/TEC, is used to program the IFF inter¬ 
rogator AN/PPX-3A and to charge its batteries. It is a 
self-contained unit in a two-piece metal case and in¬ 
cludes the cable assembly. 


b. The programmer contains a control and display 
panel, mode 4 programmer, interrogator tester, and 
time clock. In use, the programmer u connected to a 
power source and then to the computer and the inter¬ 
rogator to be programmed. The function switch select! 
the programming operation, either mode 4 or mode 
4/mode 3. In the mode 4/mode 3 position, the interro¬ 
gator is programmed to operate in mode 4 and then 
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switch automatically to mode 3 if there is no mode 4 bles, and a shipping/storage container. The interroga- 

reply or if mode 4 reply is improper. For either pro- tor simulator (fig. 2-49) is used in place of the interro- 

gram a four-day countdown period is started in the gator for training purposes. It produces output signals 

interrogator by the programmer. Another function of identical in nature to those produced in the interroga- 

the programmer is to self-check the interrogator after tor upon activation of the challenge switch. Two sepa- 

data transfer. This check makes sure that the interroga- rate cables are used in the training set. When used in 

tor has accepted the program selected by the program- the IFF system in place of the interrogator, the simula- 

mer, and is operational. tor cable is substituted for the interrogator cable and 

c. The battery charger will charge from one to six t * ie m °de select switch cable is connected to the inter- 
interrogator batteries simultaneously. Batteries to be rogator. The mode select switch is a five-posiuon 

charged are placed in the compartment beneath the switch which can control self-test fail, mode 3 friend, 

hinged access door. During charging operation each mode 4 fnend, unknown, and random outputs. The 

battery can be checked to be sure that the batteries are random output switch setting provides for a random 

accepting the charge. It takes a minimum of 4 hours to mix °* mo< * e 3 fnend, mode 4 friend, and unknown 

fully charge the batteries. responses. All outputs from the simulator unit are fed 

into the fire unit intercom system and distributed to the 
2-30. IFF Subsystem Training Set. The IFF subsystem CHAPARRAL crew in the same manner as are signals 
training set consists of an interrogator simulator, ca- from the tactical interrogator unit. 



> 

Figure 2-49. IFF subsystem training set. 
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2*31. Launch and Control Test Set, AN/TSM-85A. 

a. This test set isolates an equipment ma< faction 
to a major assembly that is removable (in the field) 
from the fire unit. Figure 2-50 shows the set in opera¬ 
tion on a fire unit. 

b. The test set consists of a control unit containing 
a volt-ohmmeter, signal generating and conditioning 
circuitry, and control switches that are manually 
switched during a test to isolate faults. The control unit 
shown in figure 2-51 weighs approximately 20.4 kg (45 
pounds) and is packaged for held use in a trarfsit case. 


An additional. transit case weighing approximately 
32.65 kg (72 pounds) contains a cable set for interfac¬ 
ing with the fire unit at specific test connectors. 

c. In addition, an interface unit is supplied on one 
of the cable assemblies to connect to each launch rail 
under test to simulate missile interfaces through the 
umbilical connector and firing pin. Air purity require¬ 
ments of the fire unit pneumatic system are checked 
with a cryostat monitor which is a duplicate of the unit 
contained in each missile. This test set is ruggedized to 
withstand the environmental conditions required of the 
system 



( 




Figure 2-50. Launch and control test set in operation. 
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Figure 2-51. Launch end control test tat, AN/TSM-85A. 
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Section V. SIMULATOR/EVALUATOR AN/TSQ-T3 

2*32. General. The simulator/evaluator (fig. 2-52) is a of the launching station itself for conduct of the train- 
system to (1) train gunners and (2) to maintain profi- ing. 
ciency of trained gunners. The equipment permits use 




Figure 2-52. Simulator/evaluator AN/TSQ-T3. 




2-64 


Digitized by LjOOQie 






TM 9-1426-1668-10-1 


2-33. Monitoring Sat Guided Misslk System Training 
AN/TSQ-T3. 

*. The monitoring set, guided missile system train¬ 
ing AN/TSQ-T3, is used with a missile simulator. The 
missile simulator consists of a tactical guidance control 
group electrically shorted to prevent ignition of the gas 
grain plus the dummy components of the M30 training 
missile. The gunner evaluator consists of the instructor 
control/indicator assembly (ICIA) plus necessary cabling. 
The heaviest component is the cable assembly group 
which weighs 27 kilograms (S9.S lb). Power for the 
system is provided by the launching station. 

b. During Use, the instructor control/indicator as¬ 
sembly may be placed on the M730 cab blast covers, 
on the ground, on on a table. At any pration, the 
instructor is in contact with the gunner in the mount 


Section VI. HANOI Si 

2-34. General. The range safety control system, or Are 
interrupter cable kit, is an integral part of CHAPAR¬ 
RAL training firings. This system gives to the training 
instructor or range safety officer the capability to inter¬ 
rupt and abort a missile firing from a remotfe location. 

I 

2-35. Control System. 

a. The interrupter cable kit will permit interruption 
of a missile launch by inhibiting the application of 
+28 Vdc master power to the detent release solenoid, 
gas grain, and rocket motor. At the time that the Arina 
conditions are met, the range safety officer must puff 
an interrupter switch on his control-indicator assembly 
and hold it closed until the missile has left the launch 
rail. If the switch is released prior to rocket motor 
ignition, the launch will be aborted. 

b. A cable assembly (jumper cable), switching 
assembly (control-indicator assembly), connector as¬ 
sembly (fire plug), and drum cable assembly (range 
safety cable) make up the range safety control system. 
Figure 2-33 identifies those components of the system. 

c. The jumper cable is plugged into the rear of the 
master control panel (MCP). Erecting the mount then 
provides access to either pedestal access door, through 
which the missile control electronics assembly (MCEA) 
can be reached. The switching assembly cable is now 
plugged into the MCEA. The turret can be rotated at 
this point without fouling either the jumper cable or 


via the intercom. Besides each other's verbal communi¬ 
cations, both can hear the missile tone when an IR 
source is within the field of view of the missile simula¬ 
tor seeker. 

c. The system permits the instructor to monitor the 
actuation of controls by the gunner, to insert malfunc¬ 
tion signals to the gunner, and to monitor the gunner’s 
tracking performance against live targets of opportu¬ 
nity. 

d. When the gunner tracks a target the instructor 
can monitor his performance on the basis of missile 
tone or tracking accuracy. Tracking accuracy is dis¬ 
played by a meter on the instructor control/indicator 
assembly; it may be used to judge accuracy through 
the entire run or at the time of trigger activation. 

e. Establishment of a standard scoring system per¬ 
mits a competitive situation to be introduced into early 
training or Into repetitive drill of trained gunners. 


f CONTROL SYSTIM 

the switching assembly cable, since both cables are 
completely contained on opposite sides of the turret 
sUpnng assembly. 

d. After both of these cables are installed into the 
launcher, either the fire plug or the drum cable assem¬ 
bly must be inserted in the test connector on the MCP 
in order lor the gunner to be able to fire a missile. If it 
is desired lo operate the launcher in the conventional 
mode without the override capability of the range 
safety officer and without disconnecting the jumper 
and switching cables, the fire plug must be inserted in 
the test connector on the MCP. 

a. If it is desired to operate the launcher with the 
override capability of the range safety officer, the drum 
cable assembly must be inserted into the test connector 
on the MCP. The drum cable assembly contains 76 
meters (250 feet) of cable; one end plugs into the MCP 
and the other (remote) end is integral with the control- 
indicator assembly, which contains the trigger to en¬ 
able the launcher. Two lights in the control-indicator 
show the status of enablement: a green light for SAFE, 
which means that no firing can occur (the switch is 
spring loaded in the SAFE position), and the red light 
for ARM, which illuminates when the control-indicator 
assembly trigger has been pulled. The remote cable 
end also has a standard connection to accept the TA- 
312/PT field telephone (on-board equipment for every 
launcher) over which the range safety officer can hear 
the missile seeker tone along with the gunner. 
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Section VII. MISSILE PERFORMANCE 

used to analyze and predict missile trajecto¬ 
ries to aid in the selection of situations con¬ 
sistent with the flight test program objectives 
and to aid in the optimization of detailed 
characteristics of various factors unique to the 
ground launch environment such as superele¬ 
vation and enablement requirements. 

(2) During the CHAPARRAL development pro- 

S am, ballistic flights, programmed dummy 
ghts, and guided flights were conducted to 
evaluate the missile. In each of the ballistic 
flights (several having slightly different con¬ 
figurations),data was acquired to enable cal¬ 
culation of the zero-lift drag coefficient. In 
each of these cases wherein the appropriate 
drag coefficient was used, the results of the 
analog simulation duplicated the flight test 
data in terms of missile velocity and range 
histories. 

(3) In the programmed dummy flights, step com¬ 
mands were applied to the fin servo during 
missile flight. Tne input signals were repre¬ 
sentative of hard-over or 100 percent com¬ 
mands and, as such, provided data on maxi¬ 
mum missile lateral accelerations. Under the 
same flight conditions, both the frequency 
content and magnitude of these accelerations 
were duplicated with the analog simulation 


2-36. Factors Limiting Intercept Capability. 

a. General. The ability of the missile to intercept a 
particular target is a complex function of the missile 
flight kinematics, seeker dynamics and infrared charac¬ 
teristics, and the amount of effective infrared radiation 
from the target available at the seeker. Intercept capa¬ 
bility of the missile system is usually described in terms 
of an envelope which, when it contains the target at 
missile launch, will result in a successful intercept. The 
performance boundaries can be computed in two steps. 
First, so called kinematic limits are computed with the 
aid of an analog simulation of the missile and guidance 
system; and, second, the infrared limits are determined 
with the use of an IR acquisition model developed for 
the threat aircraft. 

b. Kinematic Boundary Computatlona. The analog 
simulation used to compute the kinematic boundaries u 
a three-dimensional, 6 degree-of- freedom mechaniza¬ 
tion of the weapon system. 

(1) The CHAPARRAL simulation is essentially 
that of the Sidewinder 1C with modifications 
appropriate to the system configuration, 
namely with two low-drag wings, modified 
launch lugs, and the enablement circuitry. In 
addition to determining the effective kine¬ 
matic limits, the analog simulation has been 


2*96 


Digitized by 


Google 






TM 9-1426-1686-10-1 


I (4) Analog simulation of the guided flight test 
results in terms of the missile trajectories and 
system parameters, such as gyro gimbal or 
look-angle, seeker tracking rates, etc. 

(5) The primary limiting factors establishing the 
kinematic boundaries are maneuverability, 
propulsion, seeker characteristics, and guid¬ 
ance accuracy. There are a few special effects 
which influence the inner boundary, espe¬ 
cially in the forward sector. Primary ones of 
interest are maneuverability limitations di¬ 
rectly related to delayed enablement and su¬ 
perelevation at launch, and high roll rates 
which are sometimes induced during periods 
of high maneuver demand. A brief descrip¬ 
tion of each of these limiting factors is con¬ 
tained in the following paragraphs. 

c. Maneuverability. Missile maneuverability limits 
system performance primarily against short-range in¬ 
coming targets. Against these targets the missile must 
attain a very high turning rate and lateral acceleration 
during most of the flight to sustain a collision course. 
The significant factors limiting maneuverability are 
maximum servo-torque output and maximum fin angle. 
The torque balance system employed provides near 
constant maximum lateral accelerations over the usable 
missile velocities. At lower velocities, the restoring 
I moment acting on the fin is reduced, and a given 
servo-torque results in a larger fin angle than that 
present at the higher missile velocities. This larger fin 
angle results in a higher turning rate, which when 
coupled with the lower missile velocity produces ap¬ 
proximately the same lateral acceleration. The short- 
range performance (particularly in the forward sector) 
will be somewhat degraded by induced missile roll. 
Wind tunnel tests have shown that this roll effect is 
primarily the result of fin deflection angles relative to 
the direction of missile flight and therefore directly 
associated with missile lateral acceleration. Because of 
this, large roll rates can be induced during some mini¬ 
mum range trajectories demanding high maneuvers. 

d. Propulsion. As indicated in the maneuverability 
description, a low missile velocity can result in maxi¬ 
mum fin angles and reduced maneuverability. As mis¬ 
sile velocity continues to decrease during glide, a point 
is reached where effective control of the missile trajec¬ 
tory will be lost 

e. Seeker Characteristics. System performance is 
affected by both the mechanical and dynamic charac¬ 
teristics of the IR seeker. The seeker design restricts the 
gyro gimbal angle (look angle). This becomes the 
factor limiting system performance for those boundary 
cases where the target presents aspect angles at launch 
of near 90 degrees. The primary dynamic characteristic 
which affects system performance is the maximum 
tracking rate which the seeker can attain at any instant 
during the flight. This characteristic is primarily a 


function of the signal-to-noise ratio of the IR signal at 
the seeker. 

t 

f. Guidance Accuracy. The most important pa¬ 
rameter depicting a successful flight is the miss-dis¬ 
tance. In general, an excessive miss-distance is the 
result of the system experiencing one or more of the 
aforementioned limiting factors. However, the presence 
of seeker and other noise affects results in a statistical 
variation in the miss-distances encountered in flights 
where no limiting factors were encountered. 

(1) Two other factors which have secondary effects 
on the location of the performance boundaries 
are the superelevation angle and the enablement 
characteristics. Against long-range low altitude 
targets, the effect of gravity on the missile tra¬ 
jectory becomes significant. If, for instance, the 
missile were launched along the sight line to the 
target, the effects of gravity would cause the 
missile to fly into the ground prior to intercept. 
To insure that adequate ground clearance exists 
for all expected launch conditions, a minimum 
superelevation or launch angle of 17 degrees is 
required. Consequently, the mount has been 
designed to elevate automatically to this angle 
whenever the operator fires at a target below 
17 degrees. 

(2) The enablement circuitry, as previously stated, 
is required to prevent the missile from attempt¬ 
ing to attain a collision course during the initial 
stages of flight Mien the missile velocity is 
relatively low. Optimization of the enablement 
characteristics was conducted on the analog 
computer under the conditions of both short- 
and long-range targets at various speeds and 
altitudes. Primary consideration was given 
to insure that the selected enablement resulted 
in maximum system performance consistent 
with the velocity history of the missile. 

(3) For purposes of computation of the kinematic 
boundaries, an infrared source is assumed 
which emits sufficient energy to allow accu¬ 
rate seeker tracking over all ranges of interest 
In all cases, the boundaries represent permis¬ 
sible areas in which the target aircraft may be 
at the time that the gunner presses the trigger 
to initiate the launch sequence. Aircraft at 
ranges beyond the outer boundaries or ranges 
less than the inner boundary will have re¬ 
duced probability of accurate intercept and 
successful fuze actuation. The approach of 
representing boundaries with respect to trig¬ 
ger depression encompasses the intended use 
of the missile system and its relation to poten¬ 
tial limitationsNimposed by the launching pal¬ 
let itself. 
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g. Infrared Boundaries. Infrared boundaries have 
been 'evaluated for three basic cases demonstrating 
significant difference in profile characteristics. They are 
the low speed propeller-driven and rotating wing air¬ 
craft, tactical Jet aircraft operating in their normal 
speed ranges, and tactical jet aircraft operating with 
afterburner. 

(1) Tactical jet aircraft operating in normal speed 
ranges have been subdefined by speed range 
into aircraft operating at cruise power settings 
and those operating at military power set¬ 
tings. While there is substantial variation in 
the precise speed capabilities of different air¬ 
craft in these loose classifications, it is reason¬ 
able to make this type of assignment for jet 
aircraft with tactical stores configurations as 
illustrative of the primary threat. 

(2) Performance capabilities have been devel¬ 
oped from a comparison of expected seeker 
signal-to-noise ratios at each point in the 
engagement plane with that required for ade¬ 
quate seeker tracking under the dynamic en¬ 
gagement geometry. Signal-to-noise ratios re¬ 
quired by the seeker as functions of tracking 
rate demand have been determined from a 
combination of laboratory measurements and 
minimum performance specifications. In gen¬ 
eral, the maximum signal-to-noise ratio re¬ 
quirements for a specific engagement are 
those encountered at missile launch. Against 
maneuvering targets, however, for the case 
where the target turns into the launch site, an 
in-flight requirement exists which exceeds that 
at launch. The specific requirements, in these 
cases, are best determined through computer 
simulation. 

(3) In summary, classification of aircraft infrared 
characteristics by target velocity is only a con¬ 
venience and has been taken to represent actual 
classification by power setting. In order to pre¬ 
sent a consistent relationship between the kine¬ 
matic and infrared performance envelopes, power 
settings have been related to these velocities 
which have been requested as standardized 
conditions for presentation of missile kinematic 
performance. 

2-37. Composite Performance Against Non-Maneuver¬ 
ing Targets (Low Altitude). Total missile capability is 
limited by a combination of kinematic performance 


and infrared performance. These performance charac¬ 
teristics have been explained on an individual basis to 
provide increased flexibility in their individual use. 
This approach also provides for parametric variation 
studies for either kinematic or infrared characteristics if 
this should be desired. However, it must be recognized 
that total missile performance against any given target 
under defined atmospheric conditions is a combined 
function of both kinematic and infrared characteristics. 
It is apparent that to a first order approximation, the 
effective volume against a specific target can be ob¬ 
tained by routing the low horizontal performance 
boundary about its primary axis, Le., the axis of sym¬ 
metry parallel with the target velocity vector. Against a 
maneuvering target this will not generally be the case 
and nonsymmetry about the primary axis will result 

2-38. Performance Against Maneuvering Target The 
ability of the missile to intercept a maneuvering target 
is a complex function of the missile flight kinematics, 
the dynamic and infrared characteristics of the seeker 
and the amount of effective infrared radiation from the 
target available at the seeker. 

2-39. Missile Lethality. 

a. The most .reliable means of determining lethal¬ 
ity is by analysis of combat firings and of live warhead 
flight tests against tactical type target aircraft Other 
types of flight testing provide miss distance and some 
fuze performance data, but live warhead flights pro¬ 
vide the ultimate verification of fuze-warhead lethality. 
This paragraph is primarily concerned with the analyti¬ 
cal techniques employed in predicting fuze warhead 
lethality and the estimated lethalities themselves. These 
lethality analyses consist of two phases: the determina¬ 
tion of the fuze performance; and the assessment of a 
detonation of the MK 48 continuous rod (CR) war¬ 
head on the aircraft urget 

b. The kill assessments are made in terms of F300 
kills, that is, the aircraft will fall out of directed control 
within 300 seconds. The F300 kill, which includes both 
the K and A kill, was chosen because of the demon- 
stratable difficulty of assessing a K kill on the test 
ranges. Aside from a few immediate catastrophic kills, 
experienced observers have found it difficult to assess a 
kill within a given small number of seconds. 

c. In the engagement of non-maneuvering targets, 
the dominant portion of interceptions are within 4$ 
degrees of tail aspect and the tail PK estimate is most 
representative. For low altitude targets, however, all 
interceptions will be within a few degrees of the hori¬ 
zontal plane. 
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CHAPTER 3 

OPERATIONAL CHARACTERISTICS 


Section I. OPERATIONAL PROCEDURES 


3-1. Modes of Operation. 

a. The CHAPARRAL system has been designed 
to provide four primary modes of operation: 
STANDBY, READY, and OPERATE in addition to 
the TEST mode, which is not discussed in this chapter. 
In practice, the mode selected will correspond to the 
desired condition of the system relative to whatever 
alert status may exist. The STANDBY mode is used 
when an attack is possible; the READY mode is used 
when an attack is probable; and the OPERATE mode 
is used when an attack is imminent. 

b. Each of these modes has a different activation time 
(time required to go from given mode to missile firing). The 
particular components of the system operating in each of 
the modes are primarily determined by functional activa¬ 
tion requirements of the missiles. In the STANDBY mode, 
partial voltage is applied to the MIM-72A/B filaments to 
permit reduction of the warmup time. This warmup time 
is also consistent with detector cool-down requirements. 
All mount functions are operative in STANDBY even 
though warmup requirements are very short. The MIM- 
72C/E missiles do not require servo heater voltage warmup 
time. 

c. To obtain the fastest practical system response 
in the READY mode consistent with maximum missile 
reliability and life, only one missile is brought to full 
readiness (i.e., it is supplied with full filament power, 
coolant air, and its gyro is spinning), a second missile 
is brought to partial readiness (all functions opera¬ 
tional except for gyro), and two missiles are kept in the 
same condition as in the STANDBY mode. This ar¬ 
rangement permits rapid engagement of a target with 
the first missile and phased activation of the other 
missiles for subsequent firings. To prevent excessive 
accumulation of running time on any one gyro, auto¬ 
matic cycling is used in the READY mode to alternate 
each missile in turn to the full readiness state. 

d. When an attack is considered imminent, the 
system is switched to the OPERATE mode. In this 
mode, all missiles are brought to full readiness, permit¬ 
ting the fastest possible system response and rapid 
firing of subsequent missiles afier the first has been 
launched. 


3-2. Fire Unit Crew. The crew size for each fire unit is 
five: a squad leader, gunner, vehicle driver, and two 
observers. Cross-training to allow rotation of the gun¬ 
ner assignment is also called for. The squad leader 
establishes fire unit location, maintains contact with 
other fire units and the platoon leader, acts as an 
observer, and coordinates the activities of the other 
crew members when tactically deployed. The driver is 
responsible for operation and maintenance of the vehi¬ 
cle and also serves as an observer. The two observers 
act as target spotters during the air defense role. All 
five members of the crew work as a team during reload 
operations. 

3-3. Deployment of Crew. 

a. Normal travel from a rear area to a defensive 
position would be made with protective covers on the 
missile domes and on the wing rollerons of all missiles 
mounted on the launchers. In the travel mode, all the 
five crew members could ride in the vehicle cab, or one 
could remain in the mount and serve as an observer of 
the rear sector. The extent of preparations made for 
travel is flexible and depends on the tactical situation. 
This flexibility also holds true for emplacement and 
again depends on the tactical situation. 

b. Assuming a high level of alert exists at the time 
the march order is given, the fire unit should be 
prepared for subsequent tactical engagement by plac¬ 
ing the vehicle in the selected defensive location, har¬ 
dening the vehicle crew and engine compartment, 
deploying the observers and squad leader, and desig¬ 
nating the azimuth reference point. 

c. The primary concern in vehicle placement is 
providing unobstructed gunner viewing and field of 
fire. The vehicle should be placed in as level a position 
as possible, although the system is designed to operate 
with the vehicle canted up to 10 degrees. 

d. During a tactical engagement, the observers 
deploy from the fire unit so as to be in the best 
positions for locating and identifying potential targets. 
The deployment locations chosen must be a safe dis¬ 
tance from the effects of missile blast. Observers are 
equipped with field telephone sets, which are con¬ 
nected to the fire unit by land lines. 
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e. The squad leader and an observer deploy as a 
team. The driver as observer and the second observer 
also deploy as a team. Normal deployment is to the 
rear along a primary fire line. The teams deploy the 
minimum safe distance from the fire unit so that the 
squad leader can better coordinate crew activities. The 
squad leader has a field telephone and the driver 
(while acting as an observer) has a remote control unit 
for the vehicle radios. This permits communicating on 
the command net and monitoring the early warning 
net. Figure 3-1 illustrates crew deployment during the 
acquisition procedure. 

f. The fire unit is capable of engaging targets 
within a short interval from the time the vehicle is 
stopped at a firing position. The operation commences 
with all five crew members in the vehicle cab and 
continues with the securing of blast covers for vehicle 
protection, erection of the mount, and the deployment 
of the crew members with communications gear. When 
full communications gear is deployed, the system en¬ 
gagement time becomes more dependent on terrain* 
conditions. With a minimum safe distance of 60 meters 
(200 feet) plus the requirement to unreel land lines for 
this distance, the negotiability of the terrain becomes 
the time-limiting factor. 

g. Emergency march order time, defined as the 
time required under emergency conditions to first move 
the vehicle following the completion of an engagement, 
is also short, neglecting the effects of terrain and 
assuming all missiles have been fired. The steps include 
retracting the mount, disconnecting land communica¬ 
tion lines from patch panels, storing blast covers, 
placing communications gear in cab, entering cab, and 
starting vehicle engine. 

3-4. Battle Sequence. 

a. The sequence leading to a missile launch would 
normally begin when the observers locate a potential 
target aircraft and relay target position information to 
th£ gunner and squad leader over the intercom system. 
A clock-type azimuth reference system common to 
observers and gunner is used for target location. 
Within the mount is an acquisition aid device which 
routes automatically to indicate the azimuth direction 
of the mount. 

b. Typically, the target position information re¬ 
layed to the gunner will include both azimuth and 
elevation information.- The gunner slews the mount 
until the azimuth indicator gives the proper azimuth 
reading. Next, the gunner performs a visual search for 
the urget at the reported elevation angle while the 
squad leader continues to update the. vectoring infor¬ 
mation, including any appropriate details to aid the 
gunner. 


c. The gunner sights the target, then proceeds to 
establish identification and IR acquisition by slewing 
the mount until the sight reticle pattern is superim¬ 
posed on the urget image and an audio tone is re¬ 
ceived to indicate urget acquisition by the selected 
missile seeker. The IFF challenge sequence begins with 
the pressing of the challenge switch by the gunner. 
After 0.7 seconds the gunner is provided a 1.3 second 
audio tone indicating the friend/unknown status of the 
unidentified aircraft. Unless there is positive identifica¬ 
tion of the target’s friendly status, visual tracking is 
continued by the fire unit’s crew in preparation for 
firing. As a final check, the gunner observes the status 
of the launch hold fire circuit light to determine if the 
urget is within the allowable missile launch envelope. 
This check governs the firing of the MIM-72A/B only. 
When the squad leader identifies the target as hostile 
and issues an Engagement Command, the gunner se¬ 
lects the type of missile named in the command. 

d. The gunner begins the launch sequence by press¬ 
ing the trigger on the control handle, thus generating 
the firing signal. The firing signal initiates a series of 
automatic system launching functions. In the fire unit, 
the launcher detent mechanism is unlocked and the 
firing striker is set in preparation for missile launch. At 
the same time, signals are supplied to the missile for 
gyro uncaging, gas generator ignition, and preliminary 
fuze action. Control of the mount drive subsystem is 
taken from the gunner. If the gunner presses the trigger 
at elevation angles 17 or more degrees above local 
horizontal, the mount continues to move at the azimuth 
and elevation tracking rates established just prior to 
launch sequence initiation. If the elevation angle is less 
than 17 degrees, the missile is automatically superele¬ 
vated 17 degrees above the sight line or 17 degrees 
above local horizontal, whichever is smaller, and the 
mount continues to move at the azimuth tracking rate 
established just prior to launch sequence. 

e. The missile launch sequence is completed when 
the rocket motor ignites and missile flight begins. The 
missile flies under control of its guidance system to 
intercept the target. When the missile is within the 
lethal range of the target, the fuse detonates the war¬ 
head and the engagement is at an end. 

3-5. Missile Reload. 

a. The weapon system has a normal complement 
of twelve missiles, four on the launchers and eight 
stowed in the fire unit. The stowed missiles are com¬ 
pletely assembled except for their wings and fin control 
surfaces. All five members of the crew participate in 
loading the missiles onto the launch rails. 

b. Controls for positioning the mount for missile 
loading are located both in the gunner’s compartment 
of the mount and at the master control panel. Thus, 
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either the gunner can perform this function from the 
mount while crew members are returning to the Are 
unit, or the squad leader may initiate the action from 
the ground. In the load position, the mount is faced to 
the rear, retracted, and rails are at an elevation angle 
of -9 degrees. The retraction and negative elevation 
angle permits loading from the ground and eliminates 
any requirement for crew members to climb onto the 
pallet deck while supporting the weight of the missile. 
The loading safety switch will be positioned to SAFE, 
or the launch rail safety pins may be installed in each 
launch rail. 

c. The missile, once removed from the stowage 
compartment, is lifted by four crew members to a 
position where the aft missile hangar can be engaged 
with the rail. At this point, a fifth crew member waiting 
on the pallet deck assists in aligning the hangars with 


the rail and in sliding the missile along the rail until 
detent engagement occurs. Once the missile is locked 
on the rail, the fifth crew member begins to attach the 
wings. Other tasks are attachment of the umbilical 
connector, logging of gyro elapsed time indicators, 
raising and locking vehicle tailgate, and elevating the 
mount to firing position. 

d. In cases where target re-engagement is immi¬ 
nent, tasks also include removal of seeker protective 
caps, rolleron covers, and safety pins. Total time for 
loading four missiles is five minutes or more, with 
maximum times dependent on terrain and other envi¬ 
ronmental conditions. In an emergency situation, short¬ 
cuts can be made to reduce the time. Logging of gyro 
elapsed time indicators can be eliminated,Tor example, 
as can raising and locking the tailgate. A more signifi¬ 
cant shortcut would be the loading of less than four 
missiles. 


Section II. MUABIUTY AND MAINTAINABILITY 


3-6. Launching System Reliability. 

a. For the purposes of deriving the reliability pre¬ 
dictions, the launch and control assembly and the 
M730 tracked vehicle are evaluated as separate items. 

b. The time base used to evaluate the mean time 
between failures (MTBF) is the standard battlefield 
day (SBD). Selectable states of readiness (operational 
modes) exist which affect the duty cycle of various 
subsystems depending on the system mode of opera¬ 
tion. The SBD is formulated by listing the percentage 
of time the system is in a given state of readiness based 
on a 24-hour day. Usually, severe tactical conditions 
have been used to establish the SBD; therefore, an¬ 
other less severe battlefield day has also been defined, 
designated the modified standard battlefield day 
(MSBD). 

c. The critical hardware failure rates have been 
evaluated using the duty cycle times and operational 
mode requirements of both the SBD and MSBD. The 
launching system MTBF estimate as evaluated against 
the SBD is 177 hours MTBF. When evaluated using the 
MSBD, the reliability estimate of the launching station 
becomes 320 hours MTBF. 

(1) Failure Rate Sources and Treatment. Failure 
rates for the electronic and electrical compo¬ 
nents were determined at a temperature of 
77°F (23°C) ambient air temperature. The 
stress levels vary between 0.1 and 1.0 and 
represent the ratio of actual to rated voltage 
(or wattage) the individual components are 
exposed to in their circuit application. The 
environmental factors for electronic and elec¬ 
trical components in an aircraft environment 


vary from 0.3 to 30.0, depending on the mili¬ 
tary specifications covering the individual 
components. Environmental factors for all 
remaining parts and components may be de¬ 
termined by using MIL-STD-765A as a guide. 

(2) Vehicle Reliability. The reliability estimate of 
the M730 vehicle was calculated from infor¬ 
mation contained in correspondence from the 
U.S. Army Tank and Automotive Center, 
Warren, Michigan. This estimate indicates 
that the reliability of the M730 vehicle is 
substantially higher than that of the more 
complex launch station and as such does not 
result in an appreciable degradation of system 
availability. 

3-7. Maintainability. 

a. General. Tactical deployment requires a design 
concept of maintenance (maintainability) that is re¬ 
sponsive to the mobility and availability requirements 
of the system. Emphasis has been placed on compo¬ 
nent replacement at the organizational level. Wherever 
possible, enabling features were achieved through ap¬ 
plication of accessibility, detectability, and interenange- 
ability. 

b. Accemlblllty/Replaceablllty. Immediate access 
is provided to all points which require or may require 
testing, servicing, adjusting, removal, replacement, or 
repair. In most cases, equipment compartments are 
designed in such a manner as to permit servicing and 
equipment replacement without removing other equip¬ 
ment, components, wires, line, or cables. In all cases, 
except the slipring, initial equipment/component access 
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time through external accesses is leu than one minute, 
and aoceu time through internal access is leu than 
three minutes. For servicing acceu, work clearance has 
been provided through external acceu for personnel 
wearing arctic dothmg and for the depth of reach 
required for the operation. Special provisions have 
been included for occasional acceu to deep compart¬ 
ments such as missile stowage area, fire unit attach 
points, and vehicle bilge pump. All mounted equip¬ 
ment has a minimum number of attach points consist¬ 
ent with stress, vibration, and shock requirements. To 
shorten component turnaround time requirements for 
purging, evacuation and inert gas filling of electronic 
modules have been avoided. 

c. Standardization. During fire unit design, consid¬ 
eration was given to selecting, designing, or manufac¬ 
turing parts, assemblies and equipment so that they are 
identical to or physically and functionally interchange¬ 
able with other parts in the system. In many cases, 
right and left hand parts are identical, thereby reduc¬ 
ing spares requirements. Fastener selections have been 
standardized wherever possible, and torque require¬ 
ments have been eliminated, or tolerances liberalized. 
The number of tool types and sizes for fastener opera¬ 
tion has been minimized. 

<L Interchangeability. Wherever possible, compo¬ 
nents and assemblies are functionally and physically 
interchangeable with equivalent spares without calibra¬ 
tion or installation adjustments. Many components are 
utilized or grouped into replaceable subassemblies or 
modules. 

e. Safety and Protection. Lockout circuits to dis¬ 
able the firing sequence whenever any fire unit access 
is open have been provided. Mount elevator uplocks 
have been devised to enable maintenance in a safe 
environment. 

f. Size and Weight. The size and weight of mod¬ 
ules or other removable assemblies comply with rec¬ 
ommendations in AMCP7D7-134 Engineering Design 

Handbook. Hoisting and hand hold provisions are 

provided where needed, and components are labeled 

as to weight 

g. Specific Requirements. 

(1) Doors, Hatches, Covers. Doors, hatches, cov¬ 
ers, and entrance plates are designed in ac¬ 
cordance with quick accessibility requirements 

Section III. OPERATIONAL 

3-8. Hazard Identification. 

a. Primary hazard categories to be encountered by 
personnel and equipment in the operational life of the 
system are identified below. 

h. Rocket Motor Launch Effects. These include 
high pressures and temperatures, intense light and 


and, whenever possible, are hinged or made 
to rotate to avoid loss or damage. A positive¬ 
locking (overcenter) or other restraining de¬ 
vice is attached to hinged access doors to hold 
them in the open position. Covers on subas¬ 
semblies are replaceable in three minutes 
maximum without use of specific tools. 

(2) Fasteners. Fasteners are standardized to re¬ 
duce storage of spare pans and minimize the 
danger of damage by use of the wrong tool or 
fastener for a given application. Fasteners 
with multiple dnve heads are used in many 
places where stripping, wearing, or damage 
may occur to complicate maintenance. Self¬ 
locking hardware is used extensively. External 
latch handles, wells, and hand recesses are 
designed for the arctic mitten gloved hand. 
Most fasteners and latches can be operated by 
manipulation with only one hand and without 
special tools. Quick release fasteners are pro¬ 
vided where frequent servicing or replace¬ 
ment is required. 


(3) Connectors. Quick disconnect connectors 
(twisting action up to a full turn) are used 
throughout the system, and different sizes and 
types of connectors have been kept to a mini¬ 
mum. 


h. Special Maintainability Features. The mount¬ 
ing of the hydraulic power unit has been arranged so 
that it slides on its mount structure rather than hanging 
fh>m an overhead structure. Elapsed time meters are 
provided to monitor and record the accumulated run¬ 
ning time of the hydraulic system, air compressor, and 
MPU. Lifetime lubricated bearings are used extensively 
reducing lubrication requirements. To permit cleaning 
debris from the gunner's compartment, additional ac¬ 
cess is provided through the hinged foot rest compart¬ 
ment. Special provisions have been added to facilitate 
draining the MPU engine oil and the fuel tanks. Easy 
access and a spare Aise are provided for the fuse 
protecting MPU electrical crank circuitry. An oil level 
sight gauge and easily accessible oil fill opening facili¬ 
tate air compressor oil level maintenance. 

SAFETY CHARACTERISTICS 

acoustic fields, structural erosion effects, toxic exhaust 
products, material deposits, and secondary debris ef¬ 
fects. Also of concern are related events such as inad¬ 
vertent launch, misfire, ordnance initiation, and hang¬ 
up during attempted launch. 

c. Operational Hazards During Use. Operational 
hazards occurring during use include mechanical drive 
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actuation of the vehicle and mount, mechanical haz¬ 
ards encountered during maintenance, electrical haz¬ 
ards encountered during operation and maintenance, 
ordnance handling and fueling hazards, impact during 
vehicular travel, and environmental extremes. 

d. Failures Which Expose Personnel or Equip¬ 
ment to Hazardous Conditions. These indude electrical 
and mechanical hazards, pneumatic system failure, 
hydraulic system failures, fire and explosion hazards, 
or human error in the use of maintenance of system 
components. 


3-9. CHAPARRAL System Safety Features. 

a. General. Those aspects of the system hardware 
design which are provided to enhance safety in the use 
of the CHAPARRAL missile launching system and 
support equipment are summarized here by equipment 
subsystem. 

■ b. CHAPARRAL Missile (MIM-72A/B/C/E). A 
safe-and-arm device provides protection against 
accidental warhead initiation, mechanical inter¬ 
ruption of the ordnance train, electrical inter¬ 
ruption of the squib circuit, and shorting of the 
squib leads. Receipt of the launch latch signal is 
required to initiate arming. Arming is completed 
only after the missile has accelerated for a min¬ 
imum time period. The rocket motor nozzle is 
provided with a closure which precludes ignition 
from stray sparks. The motor ignition circuit is 
brought to a firing contact on the case separate 
from the other missile electrical connections. An 
RF filter across the squib leads protects against 
ignition by electromagnetic fields. Ignition squibs 
are designed to provide one amp/one watt no-fire 
capability. During storage and handling and when¬ 
ever an alert condition does not exist, protective 
covers installed on the missile protect the seeker 
assemblies and rollerons from damage. 

c. Integration and Support Structure. 

(1) Deck, Doors, Covers, and Protective Mate¬ 
rial. The crew equipment compartment doors, 
MPU compartment door, and aft compart¬ 
ment doors are provided with interlock 
switches to prevent missile launch when the 
doors are not secured. The deck and compart¬ 
ment doors have an ablative coating and are 
designed with sufficient mechanical strength 
to withstand missile exhaust blast effects. The 
crew equipment compartment is provided 
with a protective cover for any stored com¬ 
bustibles to preclude damage from exhaust 
plume leakage around the door joints and 
rim. The deck doors are secured at multiple 
points by positive latches which are not sub¬ 
ject to actuation by missile exhaust blast 


(2) Heating and Ventilating. The battery com¬ 
partment combustion heater offers mechanical 
separation of the heated air and combustion 
chamber systems. An overheat switch will 
shut down the unit in the event of an over¬ 
heat condition. A flame detector switch in 
conjunction with a fuel safety valve shuts off 
the unit’s fuel supply in the event of failure to 
start or if the flame should go out during 
operation. Prior to MPU start, the MPU and 
rear compartments are purged of possible 
combustible air/fuel mixtures by an explo¬ 
sion-proof purging fan. The battery compart¬ 
ment is purged by the MPU fan to eliminate 
any hydrogen which might be released during 
heavy charging from the generator. 

(3) Fuel System. The fuel cell filler caps and 
integral O-ring seals supply mechanical and 
thermal protection against missile exhaust 
blast effects and shield the fuel level gages. 
Crossover design of the fuel cell vent lines 
prevents ftiel loss during vehicle tilt Rubber 
vent tubes placed over the tailgate direct 
overflow fuel overboard. The vent lines are 
sized to prevent flame front propagation into 
the cells. The MPU compartment is provided 
with a manually actuated C0 2 fire extin¬ 
guisher providing total compartment flooding. 
An interlock switch on the actuation handle 
shuts down all system power upon actuation 
of the fire extinguisher. Power may be re¬ 
stored for tactical emergencies prior to fire 
extinguisher replacement by manually replac¬ 
ing the actuation handle. 

( 4 ) MPU. Mechanical coven and guards ate pro¬ 
vided to protect personnel from the main 
power unit (MPU) gasoline engine drive train 
and ventilation impeller. 

(5) Mount Elevation System. Electrical interlocks 
prevent mount retraction until launch rails are 
positioned correctly in azimuth and elevation 
to prevent contact and damage between mis¬ 
siles and structure. When the mount is 
erected, a mechanical brake on the drive mo¬ 
tor holds it in place. The brake is fail-safe and 
is only removed when power is applied to the 
motor. Mechanical locks are provided for 
safety during service and maintenance and 
will prevent mount retraction due to mechani¬ 
cal failures or inadvertent retract motor actua¬ 
tion. The jack screw drive assembly is pro¬ 
vided with redundant chains and drive 
sprockets. The chain drive is provided with a 
cover which will prevent personnel contact 
with driven elements. Position limit switches 
provide protection against erect/retract over¬ 
shoot. 
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d. Gunner’s Compartment. 

(1) The gunner’s compartment provides protec¬ 
tion for the gunner from the external environ¬ 
ment, both extreme ambient conditions and 
the missile launch environment 

(2) The canopy has a torsion spring counter¬ 
balance and is latched in the open position to 
prevent sudden or inadvertent closing and 
possible personnel injury. The canopy has a 
dual latch in the dosed position; an electrical 
interlock prevents missile launch if the canopy 
is not secured. The canopy seal prevents toxic 
missile exhaust products from entering in un¬ 
desirable quantities. 

(3) The mount air system provides continuous 
flow of new and recirculated air through a 
particulate and add gas absorbing charcoal 
filter to remove toxic and/or particulate im¬ 
purities. A heater unit provides warm air for 
protection against low temperatures. 

(4) The air conditioning unit provides compart¬ 
ment cooling to protect the gunner against 
high external temperatures. 

(5) The canopy and mount structure are designed 
to withstand the pressure and temperature 
effects of missile launch. 

(6) The gunner’s sight latches in a stowed posi¬ 
tion to one side to minimize the possibility of 
gunner impact during travel modes. The seat 
belt and shoulder harness offer protection to 
the gunner during transportation and opera¬ 
tional modes. 

(7) Pneumatic, hydraulic, and electrical lines are 
routed inside the compartment structural ele¬ 
ments to prevent gunner exposure to possible 
hazard from these sources. 

(8) Safety covers are provided to prevent inad¬ 
vertent actuation of the arm and interlock 
override switches on the control panels. 

(9) In addition to its communication function, the 
gunner’s headset provides protective attenua¬ 
tion of the acoustic noise impulse associated 
with missile launch. 

e. Launch Rail Assemblies. 

(1) The missiles are secured to the launch rail 
assemblies by their hangers and the launcher 
detent assembly. The detent is latched out 
into the secured position to provide positive 
holding action. During launch, the detent is 
unlatched and is driven back by the missile 
motion. In the event of malfunction of the 
mechanism, a shear pin will enable the detent 
to retract so that hangup will not occur. 


(2) The arming safety device consists of a captive 
safety pin, depressed into place and locked 
with a dip ring and streamer. With the safety 
pin engaged, a switch is actuated providing 
electrical interlock to prevent missile launch. 
In the event of electrical malfunction, the 
safety pin mechanically prevents the solenoid 
actuator from driving the firing pin into posi¬ 
tion. 

(3) During missile loading, the loading safety 
switch on the master control panel insures 
power removal from the missile electrical con¬ 
nector, the missile control electronics, and the 
mount drive unit 

(4) A loading shock absorber dissipates excess 
kinetic energy when the missile seats into 
position. 

f. Mount Drive Subsystem. 

(1) Sensors within the hydraulic power unit are 
provided to detect malfunctions resulting in 
under-pressure, over-temperature, or low-fluid 
conditions. A warning lamp is provided to 
alert the gunner of the problem. 

(2) The hydraulic filter is provided with a bypass 
valve which opens if filter dogging should 
occur. A high pressure relief valve is provided 
set at 2600 ±100 psi (182.8 kg/cm 2 ±7.03 
kg/cm 2 ) (17.93 MPa). The system is designed 
to burst pressure requirement of 7S00 psi 
(527.31 kg/cm 2 ) (51.71 MPa) at 135 degrees 
C° at +275°F (141°C). 

(3) Both the elevation and the azimuth drive trains 
have failsafe brake assemblies which are engaged 
whenever drive commands are absent. The 
launcher assemblies and missiles are balanced 
so that no large moment exists about the eleva¬ 
tion axis. Electrical and mechanical stops protect 
against elevation drive overshoot. The mechanical 
stops are crushable and provide a visual indi¬ 
cation when crushed. Azimuth drive runaway 
can be controlled by shutting off electrical power 
at the mount center control panel or the master 
control panel on the integration structure. 

(4) Command inputs to the hydraulic drive system 
are not enabled until the palm switch is actuated 
on the hand control, except when use is made of 
the load/stow switch to command mount 
motion. 

g. Power Subsystem. During system operation, 
personnel are protected from contact with power cir¬ 
cuits. Circuit breakers are provided for all electrical 
subsystems. Hazardous voltages do not appear on 
exposed pins upon uncoupling of connectors. All sys¬ 
tem power is removed by the master power switch. 
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Application of power to the mount drive and missile 
control circuitry is inhibited until the mount is fully 
erected. 

h. Missile Air Supply Subsystem. The air subsys¬ 
tem is protected by an overpressure relief valve set at 
3300 psig (232.02 kg/cm 2 ) (22.75 MPa). The compo¬ 
nents are designed with a safety factor of four or 
equivalent and major, system components are proof- 
tested to 4500 psig (316.39 kg/cm 2 ) (31.03 MPa) prior 
to installation. The compressor is provided with blow 
out plugs which will release at 3800 psig (267.07 kg/ 
cm 2 ) (26.20 MPa). During system operation, the gun¬ 
ner is not exposed to pressurized components or lines. 

L Couununkatious Subsystem. Safety in operation 
and maneuvering of the mount is enhanced by ready 
communication between the gunner and personnel 
outside the lire unit. 

j. Missile Control and Launch Subsystem. The 
trigger and fire control logic are not enabled until power 
is applied by actuation of the ARM switch and a key- 
switch. Fire control logic requires a presence of an 
aim signal, a trigger signal, a palm switch signal, and the 
absence of an interlock NO-GO signal to permit generation 
of a fire pulse. For tactical emergencies, the interlock 
NO-GO signal may be overridden by the interlock over¬ 
ride switch in the gunner’s compartment. This switch 
unlatches immediately after launch. Protection against 
inadvertent launching due to component failures in the 
electronics is afforded by a safety relay which does 
not enable firing voltage until the trigger switch is 
actuated. 

3-10. M730 Tracked Vehicle Safety Features. The 
vehicle is provided with a blast shield and cover as¬ 
semblies to protect against missile launch effects. The 
engine compartment is provided with a pull-chain 
actuated fire extinguisher. Seat belts in the cab provide 
personnel restraint during travel. A heater and cab 
cover provide safety protection for personnel in the 
cab. In addition to auxiliary tools, a 5-pound portable 
fire extinguisher and a first aid kit are supplied with 
the vehicle. 


3-11. Maintenance Shop Set Sefety Features. 

a. Organizational Maintenance Shop Set 
(OMSS). 

(1) The OMSS air conditioning unit provides 
heating or cooling as required to protect per¬ 
sonnel from advene environmental condi¬ 
tions. A fire extinguisher and tint aid kit are 
provided. 

(2) All power wiring, connecton, and circuit 
breakers meet or exceed the requirements of 
the national electrical code. 

(3) The shelter floor is covered with a non-skid 
insulating material which provides protection 
to 500 Vac. 


( 4 ) The OMSS high pressure air system contains 
three storage spheres built to ASME stan¬ 
dards with a bunt pressure rating of 12,000 
psig (843.7 kg/cm 2 ) (82.73 MPa). Each 
sphere is provided with an overpressure relief 
valve, and each compressor and moisture sep¬ 
arator assembly has both a pressure relief 
valve and a rupture disc. All system compo¬ 
nents are designed with a safety factor of four 
or equivalent. Proof testing to 4500 psig 
(316.39 kg/cm 2 )(31.03 MPa) is accomplished 
for each system upon installation. 

b. Support Maintenance Shop Set (SMSS). The 
SMSS has the safe air conditioning, electrical power, 
and floor insulation features described for the OMSS. 
In addition, the electronic unit’s test set in the SMSS is 
protected against mechanical damage by shock mount¬ 
ing. Circuit breakers protect against overloads. The 
operating personnel are protected from electrical shock 
by proper grounding of the racks. There are no hazard¬ 
ous voltages present on any exposed connector pins. 


3-6 


Digitized by 


Google 



TM 9-1425-1585-10-1 


APPENDIX A 
REFERENCES 


Refer to TM 9-1425-585-L for publications applicable to the CHAPARRAL Air Defense Guided Missile 
System. 
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APPENDIX B 

ABBREVIATIONS, ACRONYMS, AND SYMBOLS 


Abbreviations, acronyms, and symbols used in this 

ICIA 

manual are 

as fbllows: 


A 

a missile target kill in which the 

IFF 


aircraft falls out of direct control in 
less than 300 seconds 

in* 

Iox 

amps 

amperes 


ASME 

American Society of Mechanical 
Engineers 

Ioy 

AZ 

azimuth 

Ioz 

C 

Celsius 


cm 

Centimeter 

IR 

COMM 

communication 

K 

CR 

continuous rod (warhead) 

kg 

cw 

clockwise 

db 

decibel 

km 

dia 

diameter 

kPa 

DIDO 

directional doppler 

kw 

EIR 

equipment improvement recom¬ 

LH 


mendations 


EL 

elevation 

ma 

F 

Farenheit 

MAN 

FMC 

Food Machinery Corporation 

MCEA 

FWD 

forward 

MCP 

GMC 

General Motors Corporation 

MHz 

GMSIA 

guided missile system, intercept 

M 


aerial 

os 

guidance section 

MPa 

' Hz 

Hertz (one cycle per second) 

MPU 


instructor control indicator 
assembly 

identification friend or foe 
inch 

moment of inertia about the roll 
axis 

moment of inertia about the pitch 
axis 

moment of inertia about the yaw 
axis 

infrared 

a missile target kill in which the 
aircraft falls out of direct control in 
less than 30 seconds 

kilogram 

kilometer 

kilopascal 

kilowatt 

left hand 

micro 

milliamperes 

manual 

missile control electronics assem¬ 
bly 

master control panel 

megahertz 

meter 

megapascal (pressure) 
main power unit 
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MSBD 

modified standard battlefield day 

MTBF 

mean time between failure 

OEM 

original equipment manufacturer 

OMSS 

organizational maintenance sho| 
set 

PK 

probability of a K kill 

psi 

per square inch (pressure) 

Psig 

per square inch gage (pressure) 

PWR 

power 

RDU 

refrigerated detector unit 

REV 

reverse 

RF 

radio frequency 

RH 

right hand 

S-A 

safety-arming 


SBD 

standard battlefield day 

SCFM 

standard cubic fact per minute 

•lug 

the gravitational unit of mass which 
experiences acceleration of one foot 
per second when acted on 
by a force of one pound 

slug-foot 1 

moment of inertia in which the 
vector is defined in slugs times 
feet 

Vac 

volts alternating current 

Vdc 

volts direct current 

X 

longitudinal axis 

XMTR 

transmitter 

Y 

lateral axis 

Z 

vertical axis 
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INDEX 


Paragraph, 
Figurt, Tablt 

Subjtct Numbar 

A 

Accesaibility/Replaceability. 3-7b 

Acquisition Procedure.... F 3-1 

Acronyms and Symbols. B-l.B-2 

Amphibious Operation. 2-24d 

Azimuth Axis. l-5c(2) 


B 


Base Structure (Mechanical Elements Integration Support Structure). 2-22 

Battery Heating. 2-llc(6), 

F2-16 

Battle Sequence. 3-4 

Boresight Test Fixture. F 2-43 

Boresight Test Fixture (Field Use)... F 2-44 

C 

CHAPARRAL Fire Unit. F 2-40 

CHAPARRAL Ground Emplaced Configuration. 2-25, F 2-41 

CHAPARRAL Missile (MIM-72A/B, MIM-72C and MIM-72E). l-4b, 2-2, 

3-9b, F 2-1, 
T 1-4 

CHAPARRAL M48A1 Configuration. l-5c, F 2-39 

CHAPARRAL M54A1 Launch Station. T 1-3 

CHAPARRAL System Safety Features. 3-8 thru 

3-11 

CHAPARRAL Training Missile. 2-8, 2-34 

Communications Subsystem. 2-18, 3-9i, 

F2-24 

Composite Performance Against Non-Maneuvering Targets Low Altitude. 2-37 

Connectors. 3-lla(2) 

Controls and Indicators — Sequence and Control Subsystem. 2-15 

Circuit Breakers. 2-15c(4) 

Interlock. 2-15d(2) 

Lamps. 2-15c(3) 

Missile Cage/Uncage. 2-16e(2) 

Test Connector. 2-16d(3) 

Warning. 2-15d(l) 

Control System (Range Safety) . 2-34, 2-35 

Cryogenic Air Subsystem. 2-13, 3-9h, 

F2-19 

D 

Data.. 1-5, T 1-2 

thru T 1-5 

Deployment of Crew. 3-3, F 3-1 
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INDEX - Continued 

Paragraph, 
Figure, Table 

Subject Number 

E 

Electronic Section. 2-3c 

Control Loop. 2-3c (2) 

Electronic Power Supply. 2-3c (3) 

2- llb 

Tracking Loop. 2-3c 

Elevation Axis. l-5c( 1) 

Environmental Capability. 2-24b, 3-17 

Erect/Retract Subsystem. 2-22, F 2-33 

Extension Intercabling. 2-22h 

F 

Factors Limiting Intercept Capability. 2-36 

Fasteners.'. 3-7g(2) 

Fin Differences. F 2-10 

I Fin Position Feedback (MIM-72C and MIM-72E). 2-2b(2) 

Fin Position Potentiometers.. F 2-8 

Fire Unit Crew. 3-2 

Fire Unit Electronic Unit Test Set, TSM-101. F 2-46 

Fire Unit Electronic Unit Test Set, TSM-101 Modified . F 2-47 

Forms, Records, and Reports. 1-2 

Fuel System. 2-1 lc(3), 

3- 9c(3) 

Fuze . 2-4 

G 

Geometry, Navigation. 2-2b, F 2-2 

GMSIA. l-4c 

Ground Emplacement. 2-25, F 2-41 

Guidance Accuracy. 2-36f 

Guidance Concept . 2-2b(l) 

Guidance Missile Test Set (AN/DSM-79) . 2-27b 

Guidance Section. 2-3, F 2-4, 

F 2-5 

Guidance System Function . 2-2b(2), 

F 2-3 

Gunner’s Compartment. 2-14a, 3-9d 

Gunner’s Control Panels. 2-15b thru 

2-15e, 2-15g, 
F 2-20 

Gunner’s Sight. 2-20a, b, 

F 2-27 

H 

Hazard Identification. 3-8 

Heating and Ventilating.. 3-9c(2) 

Helicopter Lift Kit.'. 2-25c 

Holdfire Indicator. 2-12j 
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INDEX-Contkiuad 

Figure, TabU 

Subject Number 

I 

IFF Subsystem 

Battle Sequence 3-4c 

Description. 2-17, F 2-23 

Programmer/Battery Charger. 2-29, F 2-48 

Training Set. 2-30, F 2-49 

Infrared Boundaries. 2-36g 

Instructor Control/Indicator Assembly . 2-33a, b, 

F 2-52 

Integration and Support Structure (see also Mechanical Elements, etc.). 2-22 

Interchangeability .. 3-7d 

K 

Kinematic Boundary Computations. 2-36b 

L 

Launch and Control Test Set (AN/T8M-86A) . 2-31, F 2-42, 

F 2-50, F 2-51 

Launch Rail. 2-21h 

Rail Assemblies . 2-211 thru 

2- 21, F 2-31 

Rail Mechanism Alinemsnt Adjustment. 2-20c, F 2-28 

Launching Station. F 2-12 

Launching System... 2-10 

Launching System Reliability. 8-6 

M 

Main Power Unit .. 2-1 lc, 

3- 9c(4), 

F 2-15 

Maintainability... 3-7 

Maintenance Shop Sets... 2-26 thru 

2-33,3-11 

Maneuverability. 2-36c 

Master Control Panel. 2-15f, g, F2-21 

Mean Time Between Failures. 3-6b 

Mechanical Elements Integration Support Structure . 2-22,3-9c, 

F 2-32, F 2-33, 

F 2-36 

Ventilation. 2-221, F 2-37 

Mechanical Elements - Mount. 2-22, F 2-30 

Missile (CHAPARRAL). 2-2, F 2-1 

Missile Containers. T 2-1 

Missile Control Electronics Assembly. 2-16 

Missile Control Electronics Assembly — Sequence and Control Subsystem . 2-16,3-9j, 

k F 2-22 

k Missile Differences. 2-2a, F 2-1 

f Missile Fins and Wings. 2-7, F 2-10, 

F 2-11 
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INDEX - Continued 

Paragraph, 
Figure, Table 

Subject Number 

M — Continued 

Missile Heater Circuit Breaker . 2-15f(9) 

Missile Launch Sequencing Function. 2-16c 

Missile Lethality. 2-39 

Missile Performance. 2-36 thru 

2-39 

Missile Reload . 3-5 

Missile Shipping and Storage . 2-9 

Missile Simulator. 2-32,2-33 

Mobility. 2-10b, 2-23, 

2-24 

Mode Select Switch... 2-15g(l) 

Modes of Operation. 2-12a, b, 3-1 

Modification Work Orders. 1-3, T 1-1 

Modified Standard Battlefield Day. 3-6b 

Monitoring Set, Guided Missile System Training AN/TSQ-T3 . 2-32, 2-33 

Mount . l-4c(3), 

F 2-29, F 2-30 

Mount Base (see Base Structure Mechanical Elements Support Structure). 2-22 

Mount Conditioning Subsystem. 2-19, F 2-25, 

F 2-26 

Mount Drive Subsystem. 2-12, 3-9f, 

F 2-17, F 2-18 

M730 Vehicle. l-4c, 2-23, 

2-24, 3-10, 

F 2-38 thru 
F 2-40, T 1-2 

N 

Navigation. 2-2b(l), 

F 2-2 

O 

Observer Environment. 3-3d, e, 3-8 

Operation Items and Crews . l-5b(3) 

Crew Equipment . l-5b(3) 

Crew Members. l-5b(3) 

Fuel for Launching Station and Deployment Vehicle. l-5b(3) 

Non-fixed Equipment. l-5b(3) 

Organizational Maintenance Shop Set AN/TSM-95A. 2-26b, 

F 2-42, 3-1 la 

P 

Payload . l-5b(4) 

Pedestal. 2-2 lc 

Performance Against Maneuvering Target. 2-38 

Physical Properties. l-5c, T 1-5, 

F 1-1 
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INDEX - Continued 


Paragraph, 
Figure, Table 

Subject Number 

P — Continued 

Power Subsystem. 2-11, F 2-14 

Electronic Power Supply. 2-1 lb, F 2-14 

Main Power Unit. 2-llc(l), 

F 2-16 

Prime Power. 2-1 lc, F 2-14 

Propulsion. 2-36d 

R 

Range Safety Control System. 2-34, 2-35, 

F 2-53 

Receiver Transpiitter. 2-19d, F 2-24 

Regulated Power Supply. 2-llb 

Reliability (see Launching System Reliability). 3-6 

Rocket Motor. 2-6 

Rollerons. 2-7b, F 2-11 

S 

Safety and Protection. 3-7e 

Safety-arming Device. 2-4e 

Seeker 

Characteristics. 2-36e 

Section. 2-3b, F 2-6, 

F 2-7 

Tone Evaluation. 3-4c, F 3-1 

Selected Missile Indicators. 2-15g(3) 

Sequence Advance Switch. 2-15g(4) 

Sequence and Control Subsystem. 2-14 

Sequence of Operation..... 3-4 

Servo Sections 

Components. F 2-8 

Output Signals. 2-3d(l) 

Pneumatic Power. 2-3d(2) 

Turbogenerator . 2-3d(3) 

Shipping and Storage. 2-9, T 2-1 

Sidewinder 1-C. l-4b 

Sighting Subsystem .. 2-20 

Simulator/Evaluator AN/TSQ-T3. 2-32, F 2-52 

Size and Weight . 3-7f 

Special Maintainability Features. 3-7h 

Standard Battlefield Day . 3-6 

Standardization. 3-7c 

Support Arm . 2-2lg 

Support Maintenance Shop Set AN/TSM-96 . 2-26c, 

3-1 lb, F 2-45 
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INDEX-Continued 
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T 


Target Detecting Device (TDD) 
Torque Balance ... 

Transport .. 

Turret. 


Vehicle 


V 


Visual Detection 

Warhead. 


W 


Paragraph 
Pfrura, Table 
Number 


2-4 

2-2b(2) t 
2-8d{l), 
2-36c 
2-24e, f, 
2-25c, 2-26d 
2-1 Oa, 2-2Id 


1- 4c, 2-24, 
3-6c(2), 
3-10, T 1-2, 

2- 38 thru 
2-40 

8-4 


2-5, F 2-9 
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